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Chapter I 
INTRODUCTION 
On December 2, 1942 a group or scientists and engi-
neers achieved the world's first self-sustaining chain re-
action initiating the first controlled release or nuclear 
energy under the stands or Stagg Field at the University or 
Chicago (the Fermi Experiment}*. This event, although un-
heralded at the time, marked the opening or vast new horizons 
heretofore totally unknown. This development was followed by 
the top secret ~anhattan" project which produced by 1946 the 
historic atomic bombings of Hiroshima and Nagasaki. 
Although private industry was called upon to furnish 
equipment tor the many government plants built tor production 
or atomic weapons, few knew what end use was intended tor 
their products. Actuall7 the possibility or using atomic 
power tor commercial purposes was considered either as a 
scientific dream or as a development not to be anticipated 
within this generation. 
In 1946 the Atomic EnerST Commission was tor.med to 
promote actively a program to effectively harness atomic ener-
gy tor useful purposes. This program led to the development 
ot various types or reactors which could be controlled and 
from which the heat or fission could be used. Selecting two 
*3, PP• 1-3. 
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of the most promising reactor concepts (pressurized ".Mater, 
Westinghouse Electric and liquid metal, General Electric} the 
Atomic Energy Commission in conjunction with the Navy in 1948 
built a prototype submarine on land to evaluate full-scale 
operational testing. The Nautilus prototype went critical in 
March 1953 and three months later it was operating at full 
power simulating a submarine run across the Atlantic. Since 
that time the u.s.s. Nautilus has been launched and has proven 
very successful in fleet operations. The Sea Wolf prototype 
has likewise proven successful and has now joined the U. s. 
Navy as a fleet submarine. 
Manufacturing companies concerned with the design, 
manufacture and sale of accessory power plEnt equipment were 
approached early in the development stages of the prototype 
submarine in order to acquaint vendors with the special re-
quirements of the various components for a nuclear power plant. 
To most managements this meant designing and manufacturing one 
or two special models of a modified version of their standard 
product and although the nusiance value appeared to outweigh 
any monetary gain, the prestige of participation in this de-
velopment and the natural feeling of nationalism predominated 
and most companies expressed interest in becoming a supplier. 
However, for some vendors this did not work out as 
anticipated. Specifications could not be met for design, per-
formance, manufacture, inspection, material, etc. and delays 
were encountered which greatly hampered and impeded the build-
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ing of the submarine prototype. To alleviate this condition, 
many times multiple vendors for a single product were awarded 
contracts. This procedure was, ot course, very costly and 
time consuming and was not the real solution to the problem. 
Small component manufacturers at this stage became 
very wary ot furnishing or quoting material for atomic power 
end use and cost plus tixed tee contracts became prevalent. 
Misquoting or misinterpretation ot specifications was costly. 
Costs could quickly accumulate to three or four times the 
quoted price. Vendors found that their suppliers were not 
meeting all specifications and many times a component had to 
be rejected after considerable work had been expended due to 
material failures. 
To cite a few examples: 
1. Vendor quoted on equipment for $970,000 and 
was awarded the contract for delivery by January 31, 1955. 
Finally delivered the equipment in April ot 1956 at an actual 
~ ot $3,500,000. It might be well to note that the loss 
ot money was insignificant when compared to a delay cost esti-
mated at 950,000 per day. 
2. Castings purchased at the rate of two for every 
one desired and those acceptable questionable. Nondestructive 
testing technique for quality not standardized - often not 
interpretable. This holds true tor bar stock material as well. 
3. A design calculated to be satisfactory indicated 
that_a heat transfer rate was within limits. First prototype 
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attempted showed a heat transfer rate twenty times too great. 
Second attempt was still tour times too great. Result: loss 
in time and cost which could never be recovered. 
4. Steam generator rejected due to rust-grit used 
in cleaning contained tine iron. Result: months delay and ex-
cessive accumulated cost in recleaning to specitications. 
Note: generator had passed cleanliness and inspection require-
ments at vendor's plant - rejected atter shipment at installa-
tion site*. 
To summarize the foregoing, it was the opinion ot 
people concerned with the program that tuture vendors ot 
equipment tor atomic engines had considerable in plant work 
to do in order to bring their manutaoturing skill and engineer-
ing technology up to the level required by the Atomic Energy 
power reactor systems. 
This overall problem was not aided by the outstand-
ing success ot the Nautilus in its sea trials and also in sub-
sequent operation. The Navy as a whole became deeply im-
pressed and interested in building many more submarines, 
cruisers and aircratt carriers powered by atomic energy. It 
has been determined that all sizeable new naval vessels will 
be nuclear powered attar 1960. A minimum ot 100 nuclear sub-
marines are scheduled tor the next ten years. Between 1956 
and 1960 a cruiser, an aircratt carrier (eight reactors each 
vessel) are scheduled tor each year. 
*40. 
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Supplementing the above program Congress has author-
ized a merchant ship to be constructed, powered by nuclear 
energy. 
In addition to the naval program, Congress approved 
in 1954 the Atomic Energy Act which removed the legal barriers 
against private activities in this field. As a result many 
companies sufficiently interested in power reactor development 
set up atomic energy sections in their companies tor the pur-
pose ot exploring this new field. Electric utility companies 
formed investigation groups, jointly supported, to design and 
build power reactors. To further augment this program ot 
entry of private enterprise into this broadening field the 
Atomic Energy Commission in January ot 1955 announced the 
power demonstration reactor program in which it offered to 
underwrite a part of the cost ot industrial reactor projects 
that help to advance the nuclear power art*. Many companies 
have asked tor and received permission to build power re-
actors under this program. This program may best be shown by 
the estimated kilowatt production by Atomic power present and 
future. 
(Present u.s. capacity 110,000,000 KW 
Atomic Power KW: 
1965 5,000,000 KW 
1980 175,000,000 KW)** 
To all ot this we may say, "so what, what is the 
problem?" The problem briefly is, who is going to make the 
*.3.3. 
**4· 
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components? To date, atomic power developments (large scale) 
have been limited to the building of two submarines. Many 
ot the components have been entirely special or modification 
ot standard products. Manufacturers have demonstrated that 
generally they were unable to meet delivery, functional and 
other standards required without considerable effort, expense, 
delay waivers, etc. How then were these same manufacturers 
going to be able to meet the requirements tor large quantities 
ot components and within the delivery requirements set up by 
the naval and commercial reactor program. 
The answer comes from management's decision as to 
whether they wish to participate in this program or not. It 
they do, to what extent, what plant procedures, etc. must be 
made. What risks are entailed financial and otherwise. 
Questions of personnel, education, approval tests, manufactur-
ing capacity, expansion sales, etc. must be resolved. Other 
avenues of endeavor which might prove to be more profitable 
would have to be evaluated. It might be well to note that the 
manufacturer's decision may be greatly influenced by the very 
nature of the motivating force behind the program, namely the 
government. Reticent manufacturers could well be forced into 
the field tor national security reasons by government inter-
vention. 
To answer some of these questions, the writer has 
made a direct survey of the companies in the field, the types 
ot reactors involved, the valve requirements of these reactors 
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and wherever possible, the relative importance ot a particu-
lar reactor type. The specifications which must be adhered 
to tor the various types ot valves have been evaluated as to 
their ettect on plant operation and manufacturing technique. 
Actual figures ot costs incurred, technology employed and 
procedure followed from tbe design stage through actual ship-
ment has been reported. To broaden the scope and enhance the 
value ot the report, other valve manufacturers have been con-
sulted and atomic activities and control in their plant in-
cluded wherever possible and pertinent. 
Chapter II 
HISTORY AND GROWTH OF TBE RELIEF VALVE INDUSTRY 
When James Watt patented the first practical con-
densing steam engine in 1767 the need for safety valves for 
overpressure protection was born. The concern for such pro-
tection was evidenced by attempts made to have an Act of 
Parliament passed forbidding the use of high pressure on the 
ground that the lives of the public ~re endangered. This 
feeling persisted through the early 1800's due to the many 
boiler explosions aDd loss of lives which occurred. At one 
point after the loss of sixty-six steamers on western rivers 
in the United States during a three year period it was sug-
gested that boilers and machinery should be in a separate 
vessel with passengers restricted to a vessel towed astern*. 
Perhaps the public had good reason to be apprehen-
sive since construction materials and fabrication of boilers 
was a relatively new art and safety valves provided little or 
no overpressure protection. Before tracing the development 
ot safety valves it might be well to define their purpose and 
characteristics. A safety or relief valve is a valve which 
may be preset to open at a given pressure, attain a given lift 
(degree of opening) permitting a specific flow rate of dis-
charge and after a given drop in pressure has been realized 
*1, pp. 433-436. 
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below the opening point, the valve will shut with no visible 
leakage. Throughout its operation the valve is self-actuated 
deriving its operating characteristics solely from utiliza-
tion of part of the energy contained in the pressure or flow-
ing medium. 
Prior to 1850 safety valves were of simple design 
and the disc (movable member) was held to the mating member 
by superimposing dead weight equivalent to the boiler pres-
sure times the area of the seat directly upon it or through 
a lever arran@Sment. This design proved unsatisfactory for 
higher pressures and helical springs which could be preloaded 
to the pressure load came into being •. However, it was not 
until the early 1870's that valves were designed which had 
any measure of control over their operating characteristics. 
In 1875, the year of the incorporation of the Crosby steam 
Gage & Valve Company, George H. Crosby obtained approval by 
the ciavy Department, th.e Board of United States Supervising 
Inspectors of Steamboats and the Secretary of the Treasury 
for the adoption of his valve after tests had been conducted 
on various valves. In approving the valve the report stated 
in part, "that they have no hesitancy in reporting that 
among the very efficient instrument$, the Crosby was one of 
the most efficient".* 
It is interesting to note that the tests consisted 
of checking the opening and closing of the valve under full 
*34· 
operating conditions but no indication whatsoever of the 
relieving or discharge capacity, one of the most important 
considerations. It was not until the early 1930's that at-
tention became focused on actual flow testing of valves. 
Up to this time various rating tests such as steaming a 
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boiler at full capacity with all valves shut off except the 
safety valve so that all ot the steam generated passed through 
the valve was the accepted test as to whether a large enough 
valve had been selected tor the boiler. 
The Crosby Company in the late 1800's and early 
1900's specialized in a diversified line ot miscellaneous 
hardware for steam plants furnishing by manufacture, import-
ing or resale items from pressure gages, steam engine indica-
tors, lubrication, globe valves, gate valves, check valves, 
planimeters, etc. to chime whistles each advertised as being 
without parallel the finest obtainable. The rapid growth ot 
the use ot steam power tor railroads, boats and in 1902 the 
first stationary power plant coupled with a turbo-generator 
tor production ot electricity gave impetus to many manufac-
turers engaged in furnishing valves and related hardware for 
this rapidly growing industry. In 1910 Crosby had offices or 
representatives in New York, Boston, Chicago, Paris, London, 
Milan, Antwerp, Amsterdam, Christiania and Budapest enjoying 
world-wide prestige. 
However, the first World War saw the loss of exports 
and imports and the emergence ot other valve manufacturers 
technically and physically equipped to produce large quan-
tities of competitive valves. Crosby had not prepared tor 
the growing needs of the industry and soon found itself un-
able to compete throughout its diversified line of products. 
In the 1920's sales became restricted primarily to safety 
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and relief valves, pressure gages and recorders, various gage 
testers and steam engine indicators. 
Although the company experienced financial troubles 
and changes of ownership in this period a major patent was 
issued to Crosby which ultimately shaped its future tor many 
years to come. This patent basically provided a new concept 
ot control which permitted very high efficiencies and ca-
pacities along with other desirable teatures. Incorporating 
this feature and a later patent tor a valve seat design, an 
improvement tor correction ot seat leakage (insert), with an 
aggressive sales policy Crosby came out of the depression 
years as the recognized leader of the safety and relief valve 
industry. The rapid growth of the petroleum, petrochemical 
and power industries sustained a thriving business in the inter-
vening years. 
During this era Crosby not only enjoyed excellent 
sales but also was receiving royalties from its biggest com-
petitor Manning, Maxwell & Moore. Other companies contented 
themselves with industries fringe requirements tor smaller 
less critical and generally more competitive safety and relief 
valves. In 1937 the first grey clouds appeared on the hori-
zon but were not recognized as such ror it was in this year 
that the rirst 2,000 p.s.i. boiler went into operation !!lh-
out Crosby valves*. 
During the second World War patents, or course, 
were discarded and although Crosby increased its productive 
capacity as well as others in the rield new companies en-
tered the rield to rurnish the valve requirements or a war 
economy. When the war was over, some or these companies were 
reluctant to leave the rield and thus became competitors. In 
1946 the ownership and management or Crosby again changed 
hands. 
Foster Engineering recognizing the need ror very 
high pressure and capacity valves ror power plant service in-
troduced a new line or valves particularly to meet this de-
mand rollowed closely by Manning Maxwell & Moore. Crosby un-
rortunately had not prepared ror this competition a~d soon 
lost their lead in the high pressure power plant business. 
In 1954 the company introduced a new line of valves to meet 
this competition but it will take a long uphill tight to re-
gain the ground which has been lost. 
On the relief valve front Farris Engineering intro-
duced a new line ot valves designed to capture a part ot that 
business and has been most suocessrul trom a sales point ot 
view. The acceptance ot Farris valves in the industry was 
assisted two-told by the large manuracturers since, 1. they 
*41. 
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were unable to produce a sufficient quantity of valves to 
satisfy the needs of the post-war industrial growth and 2. 
they were reluctant to develop and manufacture valves simi-
lar to the Farris design despite the need tor such a valve. 
Today they do manufacture such valves, but Farris is now ac-
cepted and entrenched in the industry. 
In addition to the companies mentioned in the fore-
going other manufacturers have been and are taking the lead 
in the low-cost high production relief and safety valve field 
specializing in selling to original equipment manufacturers. 
Crosby's line ot products today has been narrowed 
to safety and reliet valves, pressure gages and gage testing 
instruments. We will not consider pressure gages or recorders 
in this presentation since Crosby is no longer a major factor 
in the gage or instrument field having lost its earlier lead 
in the gage field by failing to provide adequate productive 
capacity and technical product improvement to meet the ever 
changing needs ot industry. 
In 1946 when the management and ownership ot Crosby 
changed hands the Ashton Valve Company was also purchased and 
merged with Crosby. The Ashton Valve Company was a prime 
factor in the steam locomotive or railroad business enjoying 
its best years in the iate 1920's and early 1930's. However, 
with the advent of diesels the Ashton Valve Company saw its 
volume ot sales wane, since its products had not enjoyed uni-
versal acceptance on the industrial or petroleum markets. 
Its contribution to the overall sales is one of diminishing 
proportions, another example of the result to be anticipated 
when a company does not assume a responsible role in the de-
sign development and manufacture of competitive products for 
an ever changing market. 
Today we find the Crosby Valve & Gage Company rid-
ing the crest of the tremendous industrial expansion program 
with the conservative policy of maintaining a consistent 
volume of sales faced with the problems peculiar to valves 
for nuclear power plants. What are these problems and how 
will they affect relief valve manufacturers? 
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Chapter III 
ATOMIC POWER REACTORS 
Scientific writers are inclined to overstate the 
facts relative to atomic power in such a way as to make them 
sensational. For example, there is as much energy in a 
cubic inch ot fissionable uranium as there is in 2,600,000 
pounds ot coal which might imply that electric power trom 
-19-
the atom will be a thousand times cheaper than it now costs 
the consumer*. Unfortunately there is no known way whereby 
this energy can be released directly in the torm ot elec-
tricity. It is necessary to convert this energy into heat 
which can be used to make steam which in turn runs generators 
to produce electric power. Atomic power is th~n merely a 
substitute fuel for coal, oil or wood and since tuel costs 
represent only 20-35% of the total cost of electric power the 
ettect on the price of electricity would be limited even it 
the tuel cost were eliminated. 
The various approaches to the best means ot re-
moving the heat ot nuclear fission has led to many design 
concepts. It has been said that tor every nuclear scientist 
there is a power reactor system. However, trom this assort-
ment ot proposals certain experimental and prototype power 
reactors have been evolved. Our discussion will be confined 
to these reactors but the reader should keep in mind that 
economical electrical power may yet be on the horizon with 
a reactor system not yet devised. 
Atomic power developments are important to relief 
valve manufacturers since there is a possibility that some 
-20-
day a major portion of electric power may be derived from 
atomic plants. In addition there will probably be more re-
lief valves used in atomic plants than in conventional plants 
since in many reactor systems the primary coolant is pressuri-
zed and requires relief valves for overpressure protection in 
addition to valves on the secondary or steam system. 
Let us then look at these Tarious reactor concepts 
and see how they operate and where relief or safety valves 
may be required. 
A. Pressurized Water* 
The pressurized water concept was proven first in 
the test reactor in Idaho and later in the Nautilus and con-
sists essentially of circulating water at approximately 1850 
p.s.i. through the reactor core through a heat exchanger 
where steam is generated. The high primary coolant system 
pressure is required to prevent boiling in the reactor core. 
System pressure is maintained by means of a pressurizer which 
has a steam cushion to absorb pressure surges. Relief valves 
are required for overpressure protection for steam and tor hot 
water. Since the primary coolant may become radioactive, 
*6, 7, 8, 9, 10. (The papers listed under these numbers in the Bibliography 
have been used as background information and are not specifi-
cally referenced) 
valves must be of hermetically sealed design and tree from 
any possible contamination. 
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Cold water relief valves (low capacity) are re-
quired tor the charging pumps and wetted surfaces must be her-
metically sealed. The valves must meet rigid requirements of 
cleanliness and surface finish. Commercial valves may gener-
ally be used on the secondary side where steam pressures in 
the order of 300# to 600# may be expected at saturation 
temperature of 400-475oF. Secondary steam valves tor sub-
marine service will have to be special in order to meet the 
problems of discharging at various submergence levels. Since 
considerable efficiency is lost in operating a steam plant at 
these pressures, considerable thought is being given to in-
stalling separately tired oil superheaters tor stationary 
power plants to raise the temperature to l,ooooF. resulting 
in an increase of efficiency from a total plant cost of $322. 
per kilowatt to $233· per kilowatt. The pressurized water 
reactor although entirely suitable does appear to be at a dis-
tinct disadvantage in the long run tor competitive power. 
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B. Boiling Water* 
The basic operating principle of the boiling water 
reactor involves the direct generation of steam in the re-
actor core eliminating the heat exchanger. This method of 
heat removal has high thermal efficiency and is basically 
simpler than other designs but otters the disadvantage ot en-
closing the turbine and condenser within a shell due to the 
radioactivity ot the water. The design may be modified by 
-2.3-
the addition ot a secondary steam generator (dual-cycle) using 
the saturated recirculating water. Other designs otfered do 
use a heat exchanger in order to eliminate containment of the 
turbine. 
Safety and reliet valves will be required on the 
reactor core both tor hot water and steam (hermetically 
sealed) at pressures trom 600-1,000 p.s.i. In addition pilot 
and electrically operated Talves may be used on the steam 
line to the turbine. Since the plants will be completely con-
densing little or no make-up is anticipated. Cleanliness ot 
piping and components is not as important since the system 
will have a dimineralizer to prevent products of corrosion 
trom entering the reactor. 
*10, 11, 12, 1.3. 
(The papers listed under these numbers in the Bibliography 
have been used as background information and are not specifi-
cally reterenoed) 
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c. Agueous Homogeneous* 
The homogeneous reactor has been recognized as one 
of the most promising reactor systems yet offers some of the 
most difficult problems. In this type of reactor the nuclear 
fuel moderator and coolant are all mixed together in fluid 
form which can be circulated through the reactor and on to a 
heat exchanger. The reactor is designed to contain sufficient 
fissonable material so that a critical mass of nuclear 
material will be formed to support a chain reaction while the 
rest of the primary loop is constructed so that it is im-
possible to maintain a nuclear chain reaction. The pressures 
in the primary loop are in the range of 1,900 p.s.i.g. and 
become highly radioactive. No control rods are used for regu-
lation of reactor power level since the chain reaction has a 
negative temperature coefficient. (Increase in temperature -
less activity, decrease in temperature - higher activity) 
It is too early to indicate actually where relief 
valves will be used but since a pressurizer will be used to 
maintain system pressure we may assume that this would be the 
best location. Valve requirements will be very rigid for 
absolute leak-titaness and materials of construction will have 
to be especially corrosion resistant. Primary system valves 
will be approximately 2,000 p.s.i. operating on steam and 
*14, 15. (The papers listed under these numbers in the Bibliography 
have been used as background information and are not specifi-
cally referenced) 
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slurry. Secondary or steam loop will be @ 600 p.s.i. satu-
rated steam possibly with superheat. 
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D. Liquid Metal Fuel Reactor* 
Similar to the aqueous homogeneous reactor the 
liquid metal fuel reactor has the nuclear fuel (uranium) in 
solution, the difference being that the coolant is a metal, 
generally, molten bismouth. It might be well to note that 
fluid fuel reactors are simpler and considerably cheaper than 
solid fuels and may generally be added to the system as burn-
up occurs as opposed to solid fuel elements which must be re-
moved and replaced requiring reactor shut-downs. 
In the liquid metal fuel reactor the primary coolant 
is circulated through a graphite core in the reactor vessel 
and through an intermediate heat exchanger which transfers the 
heat to sodium to prevent decomposition of the steam by the 
gamma radiation from the primary coolant. The liquid sodium 
is then circulated through another heat exchanger to generate 
steam. 
The advantages of this reactor system is the very 
high steam pressures of 2,000 p.s.i.g., 975°F. which can be 
produced at the turbine for efficient electrical power output 
since the only limit imposed on the temperatures generated in 
the reactor would be the strength or durability of materials 
of construction. 
The preceding is based on design surveys and relief 
valve requirements for other than the steam systems are not 
known other than that valve development will be required for 
*16. 
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the very high temperatures (l,oooor. to 1,400°F.) and the ex-
treme corrosion problem. 
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E. Sodium Graphite Reactor* 
The sodium graphite reactor is very similar to the 
liquid metal fuel reactor in its heat transfer system and in 
total heat output. However, this type uses solid fuel ele-
ments. The radioactive primary coolant (sodium) gives up the 
heat through an intermediate heat exchanger to a secondary 
system (sodium) which is non-radioactive. The sodium graphite 
reactor is sufficiently advanced that in addition to the 
valves mentioned above for the liquid metal fuel reactor we 
can anticipate a large number of valves for service on the 
helium, nitrogen and organic gas systems for both high 
pressure (2,000 p.s.i.) and low pressure where the gas may 
generally be considered radioactive necessitating special re-
lief valves. 
A modification of the sodium graphite reactor 
celled sodium deterium reactor has been proposed end accepted 
under the Atomic Energy Commission power demonstration program. 
The basic difference being that all other sodium cooled re-
actors have used graphite as a moderator. The sodium deterium 
reactor will use heavy water for a moderator which offers more 
efficiency than graphite since it absorbs fewer neutrons and 
may be removed easily from the core. The absolute necessity 
ot keeping the moderator separate from the sodium at all times 
*17, 18. (The papers listed under these numbers in the Bibliography 
have been used as background information and are not specifi-
cally referenced) 
presents one of the most difficult problems. The first 
plant is scheduled to be built in Anchorage, Alaska*. 
F. Fast Breeder Reactor** 
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A breeder reactor may be generally classed with 
sodium graphite reactors with the exception of the nuclear 
fuel employed in sustaining fission. Natural uranium is 
made up of two isotopes, uranium 235 and uranium 238. The 
fissionable component uranium 235 represents only about one 
part in 140 of the total. 
In the breeder reactor uranium 238 can be trans-
muted into Pu 239 (or thorium, Th 232 in U-233) which is 
fissionable and therefore can be used as a nuclear fuel. It 
is possible to attain a conversion ratio of 1.1 in a breeder 
reactor which means for every pound of fissionable material 
used, 1.2 pounds of U-238 could be transmuted to Pu 239. It 
is this effective use of atomic fuels which offers consider-
able commercial possibilities for power breeder reactors. 
G. Graphite Reactor*** 
A graphite reactor, more commonly termed the gas-
cooled or gas-turbine reactor, uses nitrogen helium or carbon 
dioxide as the coolant. Pressurized gas is circulated 
through the reactor where it is heated. From the reactor the 
gas may give up its heat through a heat exchanger to a liquid 
*19. 
**20, PP• 140-150. 
***21, 22, 23 (The papers listed under these numbers in the 
Bibliography have been used as background information and are 
not speoifically referenced). 
metal system, water to generate steam, or to air. Some de-
signs are based on the concept of using the energy of the 
gas as the working fluid direct from the reactor to the 
turbine (gas turbine). 
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This type of reactor is characterized by the possi-
bility of the use of very high temperatures (1,300°F. and 
up), very low cost tor installation and high thermal effi-
ciency. During operation the entire plant is subject to 
radiation effect unless a heat exchanger is used which lowers 
the efficiency considerably since gasses are not good heat 
transfer media. The problem of radiation is enhanced by the 
problem of fission products diffusing through solid material 
at elevated temperatures. 
The gas cooled reactor has received much design 
study in this country and designs have been submitted for a 
plant in Holyoke, Massachusetts and for an oil tanker for the 
Maritime Commission. However, a reactor has yet to be built 
although the British have in operation a gas-cooled reactor 
(Calder Hall). Relief valve requirements if and when are-
actor is authorized have not been determined as yet. How-
ever, we may safely say that valves installed on the primary 
gas loop will have to be suitable for very high temperature, 
medium pressures and will have to be hermetically sealed. 
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H. Organic Moderated Reactor* 
An organic moderated and cooled reactor is basic-
ally a pressurized water reactor in which the water has been 
replaced by a hydrocarbon (diphenol). The advantage of this 
type of reactor is the low operating pressure, lack of cor-
rosion effects and extremely low activation upon exposure to 
neutrons. 
The first organic moderated reactor (experimental) 
is expected to go critical early this year and will operate 
at 400 p.s.i.g. and 500-700°F. It is interesting to note 
that the whole reactor system is made from carbon steel ex-
cept the reactor which is a low alloy steel and that a small 
amount of leakage is permissable or the primary coolant. Re-
lief valves will be required on the primary pressurizing 
system (nitrogen) and on the liquid system but indications 
are that reasonably standard valves may be used. Within a 
year sufficient information should be available tor economic 
evaluation or this type or plant. 
J. Summary 
The foregoing discussion or the various reactor 
concepts has been confined to power reactors. There are 
other reactor types which we have not included (swimming 
pool, tank, heavy water, graphite) which are primarily tor 
research, medical, isotope production, material testing, 
chemical processing and food irradiation) since these have 
*24. 
little or no application for relief valves. 
Selecting the one best reactor or approach proved 
hopeless since each reactor concept has its own distinctive 
advantages and disadvantages. The determination of whether 
solid fuels, fluid fuels or breeders offer the most economi-
cal approach to competitive electric power rests with the 
future. 
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Our summary is a compilation of the various re-
actors which have been built, are being erected or are de-
finitely planned for the future. Included in this tabulation 
are the Naval Reactor Projects, power reactors being built 
under the Atomic Energy Commission Power Demonstration 
Program and power reactor plants completely financed by 
private companies.* 
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Chapter IV 
SALES 
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The sales policy of the Crosby Steam Gage & Valve 
Company over the years has been closely interwoven with its 
engineering developments and the manufacturing capacity to 
produce goods. It was the patents on pressure gages (1873) 
and safety valves (1875) which led to the formation and in-
corporation ot the company. From this beginning sales were 
extended to a wide range of products tor the infant steam 
power industry. Crosby enJoyed in the early 1900's con-
siderable prestige throughout the inaustry primarily due to 
ingenius and advanced design and exceptional quality 
standards. Sales ot valves and related accessories was, and 
is today, in large measure related to these factors. 
However, as we have seen, between 1915 and 1920 
the range of products manufactured and sold dwindled rapid-
ly in the race of the growth ot larger competitive valve 
companies resulting in sales concentration on pressure gages 
and safety valves. The 1920's were characterized by severe 
competition in this field and financial and management 
troubles were encountered. Crosby's competitive advantages 
lay primarily in its past reputation for quality and sound en-
gineering design. 
The development and patent of the Crosby high lift-
full nozzle valve in the late 1920's again restored Crosby as 
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the industry leader, although this time, leadership was con-
tined to a single product. This new valve, however, had to 
be sold. Selling this new concept required an aggressive 
sales department to overcome customer resistance and com-
petitive road-blocks. For example, after the introduction 
ot the valve, papers were presented to the American Society 
ot Mechanical Engineers requesting that this type of valve 
be disallowed due to the high discharge capacity which the 
writers feared would pull all of the water out of the boiler, 
etc. To counteract such statements tests had to be conducted 
and customers convinced that the valve was not only safe but 
superior. 
By the mid-thirties Crosby had firmly established 
the new valve in the power, chemical and petroleum fields 
and pressed its advantage by indirectly being the motivating 
force behind the strengthening of the American Society of 
Mechanical Engineers code requirements tor safety valves, the 
results of which considerably handicapped competitors forcing 
its biggest competitor to pay royalties. Up to the war 
Crosby sales were in keeping with its productive capacity at 
which time sales were tar in excess of ability to produce. 
At various times attempts have been made to di-
versify into other products but were generally unsuccessful. 
For example, considerable effort was spent in the development 
or improvement of a pressure recorder but the anticipated 
sales volume never materialized. The greatest percentage of 
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engineering time was spent on refinement and standardization 
of its main product - safety and relief valves. 
After the war and a change in management the post-
war industrial boom has held sales volume at a reasonably 
consistent level to the present - more than matching the a-
bility of the plant to manufacture. Competition today is 
very strong in all phases of the industry possibly with the 
exception of the atomic field where Crosby has taken a de-
cided lead over its competitors. 
It is with this new field that we are primarily 
concerned. Crosby was first approached to furnish valves 
for the Nautilus prototype due to its excellent reputation 
for engineering design and product quality. From the Nautilus 
has stemmed a new industry which requires valves entirely dif-
ferent in design and concept from commercial or standard 
valves. 
A. Nuclear Sales Planning: 
Before proceeding to quote on nuclear components 
there are several factors which must be taken into consider-
ation. Although the Atomic Energy Commission has eased se-
curity requirements considerably on restricted data relative 
to reactor information and valve operating characteristics 
may be of a classified nature. This is especially true for 
the naval reactor program. It should be noted that from the 
specifications for relief valves considerable information can 
be deduced as to the operating characteristics of a nuclear 
powered reactor and vessel. In order to review classified 
information company engineers must be cleared. Clearance 
for "confidential" information is generally no problem, 
however, many times the engineer concerned with the project 
may have to enter reactor facilities which have a higher 
classification rating. For this reason certain employees 
may have to be cleared for a "~clearance" (cost of approxi-
mately $300.) entitling them to restricted areas. 
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In addition to plant personnel concerned with the 
project the plant itself must meet certain requirements de-
pending on the type of work being performed. Minimum require-
ments specify a completely fenced in or otherwise enclosed 
plant and twenty-four hour watchman surveilance. 
We have indicated that the sales of the company 
have in general exceeded the ability of the plant to produce 
valves. Before quoting on nuclear valves a careful survey 
should be made to determine where and how the various com-
ponents will be fabricated. The quantity and schedule for 
completion must be checked against not only current orders 
but also anticipated volume. We will see in later chapters 
that nuclear valves require a great deal more machine time 
than commercial valves. Unless some provision is made for 
this extra machining, production of standard parts and valves 
will be seriously affected. This is especially true now that 
atomic reactors are leaving the development stage and valve 
requirements are for higher quantities (and larger) per re-
reactor and tor more reactors. 
Invitations to quote on valves tor nuclear power 
plants generally include particular specifications as to how 
the parts are to be manufactured, tested and shipped. These 
specifications ~ be carefully studied in their entirety 
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to insure that the plant facilities are adequate to meet 
every phase ot the specifications. Government and customer's 
inspectors will not accept material unless it has been 
properly processed. 
Specifications may delineate every phase of the 
manufacturing cycle as to acceptable methods which may differ 
radically from the manufacturer's standard practice necessi-
tating the setting up of special manufacturing procedures, 
clean room and separate assembly and test areas. In addition, 
there is a pronounced trend in valve specifications to put the 
full responsibility tor performance testing of the valves in 
the valve manufacturer's plant which may require the purchase 
ot test equipment at a cost far in excess of the value of the 
valves. 
Failure to correlate properly the valve specifi-
cations with plant facilities can be most serious. Exceptions 
to specifications must be noted on all quotations where there 
is incompatibility. Should the quote be accepted it is just 
as important to check each part of the purchase order to in-
sure that all exceptions are olearly noted as per the quo-
tation. Change orders to the purchase order must be carefully 
reviewed by responsible personnel who are cognizant of the 
overall project and specifications. Some companies direct 
all such changes, correspondence, specifications, etc. to 
a single individual or department for approval before ac-
knowledgment*. 
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When an inquiry is received and the specification 
broken down, a selection can be made as to whether standard 
or special valves are required. If standard valves are ac-
ceptable, due diligence must be exercised in quoting price 
to insure that the applicable specifications will not 
grossly affect the price. 
For example, the customer may ask for a quotation 
on a standard valve in all respects, except for various test-
ing and inspection requirements. All goes well until the 
valves are being inspected and then the unfortunate manu-
facturer finds that the valve will not meet the various test-
ing requirements or that the inspection and testing is con-
suming three or four times the allotted test and inspection 
time, which may actually result in a loss. Extreme care and 
caution in quoting and handling cannot be over-emphasized. 
Companies have employed various means to control this problem. 
Some have a list of companies purchasing nuclear valves and 
all inquiries from them are directed to their nuclear depart-
ment. Others do not allow sales offices or representatives 
to quote on inquiries restricting all quotations to the home 
office. 
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Valves classified as special may require anything 
from a minor change in design to a complete development 
program. Prospective purchasers, of course, prefer fixed 
prices on bids. However, quoting fixed prices on special 
valves can be close to disastrous. For example, in order 
to obtain a price for quoting, a rough approximation of 
cost can be calculated and this figure may then be multi-
plied by a convenient factor which the manufacturer feels 
leaves an excellent margin of profit based on prior experi-
ence. However, this margin can quickly disappear when meet-
ing the requirements of equipment for nuclear power plants. 
In fact, the cost can run to several times the quoted price. 
This is most significant when orders require a 
fairly large number of valves. Absorbing a loss on a single 
valve may be charged to experience but losses incurred on 
larger orders may seriously affect the net profit of a small 
company. Yet as atomic power becomes commercial, the trend 
is for fixed price quotations. It behooves manufacturers to 
develop as much data as possible on costs incurred for ma-
terial, manufacture, inspection, etc. so that quotations will 
insure profits and still be competitive.' 
The alternative to fixed price is sub-contract 
which may take various forms. We will consider two of the 
most common, fixed price for development or cost plus fixed 
fee. 
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In the fixed price type of contract the manufacturer 
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states that he will design and manufacture valves or valve 
to the specifications for a certain price. If his costs are 
less than this price he enjoys a profit and if in excess a 
loss. Liability for performance may or may not rest with 
the manufacturer depending on the terms of the contract. It 
is sufficient to note that liability is most important since 
failure of the valve during performance testing can be most 
costly, especially if development work must be performed. 
Fixed price contracts should also include clauses as to re-
sponsibility for expense incurred in performance testing if 
the testing must be done outside of the vendor's plant. 
The fixed price contract has the advantage that re-
sults of the development program rest with the manufacturer 
not with the contracting agency. 
The development contract offers the least risk 
arrangement. In this for.m the contractor bills the govern-
ment on the basis of direct labor costs, materials and over-
head at a rate determined by contractor's audit as the work 
progresses. Costs are very carefully monitored by the 
government arid a separate accounting system to isolate costs 
is generally required. 
The cost plus fixed fee contract while protecting 
the manufacturer against financial loss has the disadvantage 
that his personnel is actually working for the contractor and 
the results of their efforts become the property of the con-
tractor. 
A convenient check-list to be included with the 
financial proposal is given below:* 
GENERAL 
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1. Demonstrate ability by citing similar pro-
jects or experience 
2. Give adequate assurance (proof) of ability 
to meet delivery schedule 
3. Show workmanship on other projects 
4. Indicate production capabilities 
PHYSICAL PLANT 
1. Adequacy of plant to handle manufacture 
2. Adequacy of production and test equipment 
3. Plans tor proper inspection 
TECHNICAL 
1. Understanding of problem 
2. Soundness of approach 
3· Unique ideas 
SPECIAL FEATURE 
1. Size and weight 
2. Ease of maintenance 
3. Simplicity ot design 
4. Trouble tree and long lite 
FINANCIAL 
1. Proper accounting system 
2. Procedures 
*26, PP• 26-30. 
). Break down of proposal into major con-
stituents 
. 
When quoting on valves tor nuclear plants one of 
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the contractural requirements is that the contractor's agents 
shall have the right to come into the vendor's plant at any 
time to inspect completed parts or work in process. Thus at 
any given time the vendor must allow inspectors and manu-
facturing engineers entry to all phases of his operations. 
This requirement not only can cause disruptions in 
work in process but also may be the cause of disclosing manu-
facturing techniques developed by the company to competitors 
since these inspectors and manufacturing engineers visit 
these other plants. In addition, new valve developments in 
the process of manufacture or test may be prematurely known 
in the industry via the same route. 
Before fabrication can proceed a design approval 
must be obtained from the purchaser necessitating complete di-
mensional prints of all parts. Prints must further be pro-
vided for the various inspectors. Indiscriminate use of the 
prints by these individuals can reveal design concepts and de-
velopments to competition. 
Chapter V 
ENGINEERING 
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As noted earlier safety-relief valves hold a dis-
tinctive part ot the valve industry in that they are prima-
rily self-actuated. That is, they open and close in re-
sponse to pressure changes in the system on which they are 
installed. The ideal safety-relief valve would open at a 
given pressure, e.g. 1,000 p.s.i.g. would relieve the neces-
sary volume of fluid to prevent the pressure from rising above 
this point and then after sufficient volume had been relieved, 
the valve would reseat tight at 1,000 p.s.i.g. This, of 
course, is not possible within the known art of valve design 
at this time. Before discussing the development and growth 
of the safety valve industry from an engineering viewpoint 
it might be well to define certain terminology peculiar to 
the industry. 
SET PRESSURE: 
Pressure in p.s.i. at which the valve is 
set to relieve or open. Changes in set 
pressure are effected by use of coil springs 
of various spring rates and by increasing or 
decreasing the tension on these springs within 
a given range. For a set pressure of 1,000 
p.s.i. the given spring range might be 950 to 
1,050 p.s.i. Within this range the proper set-
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ting of 1,000 p.s.i. is obtained by the proper 
tension on the spring. 
RESEATING PRESSURE: 
. Pressure in pounds per square inch at 
which the valve will close. The closing 
pressure is controlled by means of adjusting 
the amount of reaction and pressure impinge-
ment of the flowing medium on the valve con-
trol surfaces. 
BLOWDOWN: 
Set pressure less the reseating pres-
sure usually expressed as a percentage of the 
set pressure. Code requirements limit the 
maximum blowdown permissable to 5% or in the 
case of the l,OOQ# set pressure to 50# or 
less. 
ACCUMULATION: 
Pressure rise above the set pressure at 
which the valve is flowing or discharging its 
rated capacity expressed as a % ot the set 
pressure generally accepted as follows: 
Steam - 3% (1,000 p.s.i. x .03 or 30#) 
Air - gas - vapor 10% (1,000 p.s.i. x .10 or 
100#) 
Liquids - water 25% (1,000 p.s.i. x .25 or 
250#) 
CAPACITY: 
Rate at which a valve will discharge or 
pass the fluid medium in the system generally 
stated in cubic feet per minute, gallons per 
minute, pounds per minute, etc. Valve capac-
ity is a fUnction of the characteristic of the 
pressure medium, the set pressure and the size 
of the nozzle orifice in the valve. 
LEAK-PROOF PRESSURE: 
Pressure below the reseating point at 
which no discernible leakage may be found. 
Generally 10~ below the set pressure. 
In the late 1800's the growth of the steam locomo-
tive and power industries gave birth to many companies who 
specialized in the manufacturing of various types of valves 
and miscellaneous hardware. Among the various types of 
-53-
valves produced were safety-relief valves. Each manufacturer 
had his own unique design of valve which according to the 
many patents issued would outperform anything yet conceived. 
Actually, the valves never quite came up to the inventor's ex-
pectations. 
Although as early as the 1900's regulating codes and 
bodies had been formed for the adoption of rules and regula-
tions for the selection, sizing, etc. of valves for fired 
pressure vessels, controversies as to the methods of calcula-
ting and sizing safety valves were prevalent. In 1913, Mr. 
A. B. Carhart of Crosby published a one hundred page book 
which dealt with a comparison of the various methods then 
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in use tor safety valve rating in which he compares six 
different methods used by as many different regulating bod-
ies*. Needless to say, each method produced a different 
rating. Actually the Interstate Commerce Commission of the 
United States Department of Commerce had the only effective 
rule which stated, "Every boiler shall be equipped with at 
least two safety valves, the capacity of which shall be suf-
ficient to prevent under any condition of service an accumu-
lation of pressure of more than 5% above the allowed steam 
pressure." To put teeth in this requirement, a test had to 
be made with the locomotive standing with the blower on pass-
ing through the valves all of the steam that could be gener-
ated in the boiler. This was the only regulation which ac-
tually required physical performance of a safety valve**· 
The American Society of Mechanical Engineers code in 
1915 in the section dealing with safety-relief valves permit-
ted the capacity of a safety valve to be determined by tor-
mula thus apparently eliminating the necessity of capacity 
tests. Capacity determination became a function of valve lift 
and seat diameter which was most satisfactory from the view-
point of the safety valve manufacturer***• During the follow-
*2. 
**2. 
***27. 
ing years code requirements were made a little tighter on 
performance characteristics and manufacturers expended their 
engineering effort in improving valve performance to meet 
the code requirements and the ever increasing pressure of 
the power plants. 
The Crosby Company during this period developed 
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and patented a new type of safety valve which had a much high-
er discharge rate for a given size than any valve obtained up 
to this time. As aresult a controversy arose concerning the 
actual capacity as opposed to that calculated by formula. 
Professor Bucher of Ohio State was commissioned by the Na-
tional Board ot Boiler & Pressure Vessel Inspectors to test 
various valves tor actual capacities. His report in 1936 in-
dicated that the calculated capacities were tar in excess of 
actual capacities recorded during tests. Since the safety 
valve although a small item of the total installation expense 
ot a boiler is relied upon to insure safety of plant person-
nel and the entire boiler installation, Professor Bucher's 
choice of words seems fitting, "Only the grace of God and a 
generous use of materials by boiler manufacturers has prevented 
many tragedies"*· 
As a result of these tests the section of the Ameri-
can Society of Mechanical Engineers power boiler code was re-
vised requiring ~hat certified capacity tests be conducted be-
fore a manufacturer could stamp his valve as an American So-
*28. 
ciety of Mechanical Engineers standard valve. The Crosby 
steam Gage & Valve Company fared very well as a· result of 
this ruling and during the late thirties and war years be-
came the recognized leader in the safety valve field. 
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It is apparent then that the selection, acceptance, 
operational characteristics, capacity and therefore design of 
safety valves has paralleled the course of regulating bodies 
or codes primarily the American Society of Mechanical Engi-
neers power boiler code. Also, that although safety valves 
. 
have long been a device for the protection of boiler and pres-
. sure vessels a very limited amount of experimental investiga-
tion has been made available relative to their characteristics 
of performance. 
The latter is not without reason. As boiler pres-
sures have risen over the years from a high of 250 p.s.i. in 
the early 1900's to 3,000 p.s.i. in the late 1940's and capa-
cities have risen from 50,000#/hour to 2,000,000#/hour in ad-
dition to temperature increases up to l,l00°F. safety valves 
have had to keep pace with these increasing demands by im-
provements in safety valve design (e.g. in 1910 a 4" valve @ 
250 p.s.i. would flow 15,600#/hour as compared with 135,500#/ 
hour with a 4" valve today). 
In order to meet this increasing demand safety valve 
engineers have been handicapped by a lack of test facilities 
for developing and testing valves for application at the pres-
sures and temperatures required. To provide such equipment a 
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safety valve manufacturer would have to purchase a boiler e-
quivalent in pressure and temperature to the latest develop-
ment in the field with the thought in mind that while it was 
being erected it was no longer adequate which is obviously 
economically unsound. The management of a valve company must 
compromise on a low cost of operation test boiler having an 
intermediate pressure range and of limited capacity. 
The valve engineer by virtue of this economic fac-
tor must resort to extrapolating design information developed 
at low pressure, capacities and temperature to design cri-
teria at pressures, temperatures and capacities many times 
greater for new valves and then be in a position to actually 
go out in the field and test the valves on the customer's 
power plant and prove that they will meet code and customer 
requirements. Field experience thusly becomes an integral 
part of engineering background required for development and 
product improvement and manufacturers must continuously be ex-
tending their sales into the unknown in order to benefit and 
keep pace with progress in the industries which they serve. 
In the engineering discussion so far we have pri-
marily been concerned with steam valves for power plant ser-
vice which over the years have been influenced the most by 
regulating codes. However, in the past ten years there has 
been considerable effort expended in code revision and inves-
tigation of safety and relief valves used for protection of 
pressure systems for other fluid media. Basically relief 
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valve manufacturers state that with appropriate correction 
factors the same design valve made from every known mate-
rial will give satisfactory operation (that is, open-close 
and relief of the required volume) irrespective of the pres-
o 0 
sure mediwm at temperatures from -300 F. to 1,500 F. and 
pressures from 1 p.s.i. to 16,000 p.s.i., be it molasses, 
sulfuric acid, hydrogen, steam or any other process material 
which can be pressurized and made to flow (exception of sol-
ids). 
In effect the relief valve manufacturer is called 
upon to furnish adequate relief valves for every type of pro-
cess installation in use today for the power, chemical, petro-
chemical and petroleum industries where safety valves are re-
quired by code. 
However, to accomplish this end the manufacturer 
is beset by other problems. As noted earlier a safety-relief 
valve is self-actuated, deriving its operating characteris-
tics by utilizing some of the energy present in the flowing 
medium. Since the energy content available varies from one 
media to another, the manufacturer would have to have (as in 
the case of steam boilers) test facilities equivalent to the 
customer's requirements. This is, of course, impossible. 
Even it test facilities were available the manufacturer would 
face the dilemma of producing valves custom made for each 
type of service which is economically unsound. 
Further, many times the design has to be compro-
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mised by virtue of the corrosion problem present. Obviously 
if the moving parts of the valve have to resist corrosive 
attack the guiding parts have to be made of a material which 
will resist such attack. Despite the fact that many times 
this material will not have good bearing on anti-galling or 
mechanical properties. 
The prob~ams outlined above are not actually as 
bleak as depicted. In good valve design the designer builds 
into the valve as much adjustment of control to meet industry 
demands as possible and experience has shown that although 
the blowdown, accumulation, and other operating characteris-
tics may not always be within the limits desired, in general 
they perform their function of preserving the safety of the 
installation which they are protecting against overpressure. 
For example, note that in our definition of accumu-
lation that the various fluid media (l~quids, steam and gas) 
are rated at different values. This means in effect that a 
greater amount of overpressure is required on a liquid valve 
than a steam valve for the valve to attain its rated capacity. 
This then briefly summarizes the approach to safety-relief 
valve problems which manufacturers have taken up to the pre-
sent or to the inception of atomic power plants. 
When the prototype or the Nautilus was being de-
veloped the various safety and relief valve manufacturers 
were approached by the prime contractor for the submarine to 
acquaint them with the relief valve requirements for the pro-
-60-
taction of the primary coolant system and also to obtain 
background information on operational characteristics and 
design criteria of valves currently being manufactured for 
like temperatures and pressures. The investigating group 
soon discovered that relief valves having the desired oper-
ating characteristics were not available and further that 
little or no information was available to predict performance 
at the pressures and temperatures at which the reactor would 
be operating. As a result, the contractor awarded sub-con-
tracts to several companies tor the design, development and 
manufacture of various types of relief valves having differ-
ent design approaches so that the best design could be se-
lected for installation aboard the submarine. 
The management of the Crosby Steam Gage & Valve Com-
pany, although pleased to receive a sub-contract which offered 
an excellent opportunity to learn something about the design 
and manufacturing requirements for nuclear power plants at 
minimum financial risk, had a difficult decision to make with 
respect to the type of design to offer. Since atomic power 
was still in its infancy, regulating codes had not been set up 
and consequently it was impossible to predict what course 
would be followed relative to permissable types of relief 
valves for reactor plants. At this time the management at 
Crosby decided to attack the problem with self-actuated valves 
over pilot or auxiliary piston operated valves recognizing 
that this was probably the most difficult approach from a de-
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sign viewpoint but which offered the simplest solution if the 
performance characteristics could be attained. Through the 
ensuing years Crosby, committed basically to self-actuated 
valves, has directed its efforts in the development of this 
type of valve for reactor plants. The wisdom of this deci-
sion appears to be borne out by the first special ruling of 
the American Society of Mechanical Engineers code committee 
which pertains to relief valves on nuclear plants. 
Case #1225 (special ruling)* 
Inquiry: Various safety requirements of section I 
and Section VIII would actually be hazardous if applied lit-
erally to the design of nuclear reactors. May these require-
ments be modified for reactors of pressurized water and boil-
ing water types? 
Reply: It is the opinion of the committee that nu-
clear reactors of the pressurized water and boiling water type 
will meet the intent of the code and shall be marked in accord-
ance with case #1224 if the following provisions are met: 
1. Totally enclosed pop-type safety or relief valves 
(self-actuated) shall be provided, but need not be directly at-
tached to the vessel provided there is no valve between the 
vessel and the safety or relief valve; also, they shall be in-
stalled as close as is practical to the vessel. They shall 
not discharge to the atmosphere, and shall discharge to a 
suitable system designed to condense any vapors. At least two 
*29. 
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safety or relief valves are required and the total capacity 
shall be sufficient to insure that the design pressure is not 
exceeded by more than 10%. 
During the years which followed relief valves for 
atomic power plants have been forging a niche in the sales 
forecasts of valve manufacturers. To the valve designer his 
immediate enthusiasm to meet the challenge of this new field 
soon waned in the face of the many problems peculiar to react-
or components, above and beyond the rigid operating require-
ments of the relief valves. 
A. Specifications and design for nuclear components: 
When an inquiry is received for a quotation on re-
lief valves from a company where the end usage is known to be 
for installation on an atomic reactor system, the inquiry must 
be very carefully scrutinized and strict attention must be 
given every detailed requirement and eaoh specification re-
ferred to must be carefully evaluated before any design con-
sideration can be given to the problem. There are many ways in 
which the specified valves may have to be modified in order to 
conform with the individual requirements. 
The easiest modification to conform w.ith is a mate-
rial change. Relief valve manufacturers have for many years 
fabricated valves from practically every structural material. 
It is not unusual, for example, to find that a single valve 
part may be machined from any one of some forty odd materials. 
Nuclear valves (primary-coolant) are essentially fabricated 
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from stainless steel type 304. An exception to this is valves 
which may be subjected to sea water (as in the case of atomic 
powered submarines which of necessity must be of monel, nick-
el, inconel, etc. to meet the severe corrosive problem). In 
specifying these materials the engineer must carefully guard 
against their unlimited use in valve specifications. 
In pressurized water reactors where the pressures 
are very high 304 stainless steel does not have the necessary 
physical properties for good seating characteristics and hard 
faced seats (stellite) are an absolute requirement. Further, 
since purity of reactor systems is of utmost importance, 
super distilled water is used as the primary coolant. Nor-
mally water has some lubricating qualities and 304 and monel 
although not having good anti-galling properties may, in gen-
eral be successfully used. This is not true, however, when 
used on hot distilled water systems. For this reason all 
bearing or rubbing surfaces must be carefully evaluated to in-
sure against galling or fouling of working parts or threaded 
pieces where conventional thread lubricants cannot be used due 
to the contamination problem. To prevent galling etc. hard 
chrome plate (.002-.005 thick) on one of the mating surfaces. 
when done by an approved plater (only companies which have 
demonstrated their ability to plate to Atomic Energy Commission 
requirements acceptable) appears to have reasonably good ap-
plication for threaded sections. (Note: Pitch diameters of 
threads must be carefully controlled and specified before 
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plating.) However, chrome plating of guiding and bearing sur-
faces has not been an adequate solution for relief valve ap-
plication. The best approach for these working parts appears 
to be in use of stellite as one of the bearing surfaces ei-
ther in the form of welded bands or parts completely fabri-
cated from stellite. 
By careful and close scrutiny valve material prob-
lems ean be minimized and present no unsolvable paradox for 
the specification engineer. However, in most oases primary 
loop relief valves must be of hermetically sealed design 
which in effect states that all of the openings must be com-
pletely welded to prevent any leakage of radio-active material 
to the surrounding atmosphere. This represents quite a change 
in valve design which basically is of bolted and flanged con-
struction permitting convenient manufacture, design, assembly 
and disassembly and ease of adjustment. 
Hermetically sealed construction fUrther requires 
that the valve have exceptionally long service life and be 
completely reliable since the valve is not generally access-
ible or serviceable while the plant is in operation. Meeting 
the required service life is not new to relief valve manufac-
turers, since continuous process plants (power, chemical, pe-
troleum) have long required valves to meet similar specifica-
tions. The difference is, of course, in the accessibility in 
the event of unexpected valve failure requiring servicing. 
Generally commercial plants can schedule an emergency shut-
down permitting valve repairs or replacement. This is not 
possible with nuclear plants. 
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In designing hermetically sealed relief valves the 
inlet and exhaust ports are generally considered as full 
strength members and are either of socket or butt-welded de-
sign. Instead of bolted construction tor the bonnet a 
threaded joint is provided. As noted earlier a relief valve 
must be adjusted to its proper opening point and also the con-
trol ring (rings) must be adjusted to provide proper opera-
tional characteristics. These adjustments can generally be 
made only on the actual installation and at full operating 
pressure and temperature. To permit such adjustment and ac-
cessibility, the bonnet cap and adjustment set-screws must be 
ot seal-welded design, which briefly stated, means that the 
welded joint may be conveniently separated without loss of di-
mension to either piece and then rewelded after the required 
adjustment or service has been completed. The selection, de-
sign and fabrication of this type of construction is of ut-
most importance. Experience has indicated that an umbrella 
type or canopy seal weld is preferable. 
The material of construction problem is further en-
hanced by the welding problem connected with sealed valves. 
For the most part, the main parts of commercial valves are 
fabricated from castings having the required contours to low-
er material costs and to reduce maching time. Cast material, 
however, has proved to be a stumbling block in component de-
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sign for nuclear plants. Castings are specified to meet 
Class I radiograph quality which is the highest standard in 
use today anywhere, yet foundries have had considerable dif-
ficulty in meeting this specification. Interpretation and 
ability to radiograph intricate sections causes considerable 
delay and often a casting found acceptable shows unacceptable 
defects after machine ·work has been performed on the piece. 
For example, Crosby purchased recently Class I radiograph 
castings passed by the Navy etc. after all of' the machine 
work had been completed which leaked at 5# pressure on a 
hydrostatic test specified to be 1,500 p.s.i. In addition to 
meeting the requirements of radiography, castings are not al-
ways weldable even if the chemistry and the physical proper-
ties are within specification. Thusly it is imperative that 
each casting be furnished with a weldability sample cast with 
it. Before any machine work is performed this sample should 
be welded and acceptability tests (bend etc.) be performed to 
insure that the casting may be satisfactorily welded. 
Due to the difficulties experienced with castings 
and the consideration that existing pattern equipment gen-
erally would have to be modified to conform with hermetically 
sealed design, relief valves are generally fabricated from bar 
stock. This does not mean that bar stock is a cure-all since 
porosity cracks, etc. are not uncommon in rolled material. In 
large billets (5" diameter and over) it is good practice to 
perform weldability tests on the material plus dye checking 
tor cracks before the material is processed in the machine 
shop*. 
B. Development of new valve concepts: 
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So tar in our discussion we have primarily been con-
cerned with modification to standard valves tor application to 
nuclear power plants. In many cases standard valve construc-
tion and control will not meet the operating requirements of 
nuclear power equipment. To properly judge whether a particu-
lar valve will perform satisfactorily requires a keen insight 
into the requirements of the plant system plus considerable 
experience in the operating characteristics of the valve it-
self under like conditions. As an illustration, several 
valves were sold for a supplementary plant system with the 
following results (two manufacturers furnished valves}: 
naesults: Test series I** 
A. None of the six valves tested functioned in ac-
cordance with the requirements of the specification. When 
the valves lifted, a very high frequency chatter occurred 
which was transmitted throughout the system causing severe 
damage to valves, pipe fittings and instrumentation origi-
nally installed as outlined in the instrumentation section of 
this report." 
The foregoing excerpt indicates the fallacy of se-
lecting valves from a catalogue description not giving sutti-
*35. 
**36. 
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cient cognizance to the operating requirements or to the 
characteristics of the valve. In this case the valve design 
had to be modified and the material selection of seating and 
guiding surfaces had to be changed. 
It is apparent that the decision as to whether a 
standard valve (viewpoint of control or operational charac-
teristics) will meet the required specifications is most im-
portant. 
In conceiving a new design to meet specific require-
ments the valve designer draws primarily on the company's past 
experience where and it available. In most instances, in 
order to meet construction requirements the design has to be 
compromised. For example, valves tor high temperature service 
are least affected if the springs may be of exposed construc-
tion which is not permissable for atomic power plants, even 
if the valve may be hermetically sealed below the spring. 
In the early phases of his investigation the design-
er may discover that certain items which are normally pur-
chased, are not available and have to embark on an investiga-
tion and evaluation of proposed vendors, possibly, on a sub-
contract development basis. To cite a particular case, relief 
valves on atomic systems discharge to disposal systems which 
impose a variable downstream pressure on the relief valves 
which necessitates that the valves be ot balanced design. This 
balancing ettect may best be attained by a bellows having a 
certain effective area. Although relief valve manufacturers 
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have used bellows for a number of years, they found that bel-
lows manufacturers had little or no knowledge of bellows 
characteristics tor high pressure application and/or special 
material bellows. It is and has been the duty of the valve 
designer to develop a source to tultill his requirements and 
in turn prove that these components are suitable for valve 
applications. 
The designer, although restricted in design by cer-
tain requirements, is otherwise free to develop the valve for 
hermetically sealed valves, unhampered by conforming with 
existing pattern equipment, forging dies etc., since the 
valve is essentially fabricated from bar stock and valve 
sizes and parameters have not yet been established. At pre-
sent, each new reactor system is of different power output 
requiring valves of varying sizes. Until some sort of stand-
ards are adopted for power reactors wherein valve sizes may 
be standardized and adopted it would be economically unsound 
to attempt to lower costs by capital outlays tor new equip-
ment (forging dies, patterns, etc.). 
After the design has been submitted and approved, 
drawings and bills of material prepared, the new design is 
ready for manufacture. There are several approaches to the 
manufacture of the required valves, primarily, depending on 
the amount of lead time available. If sufficient time is 
available, a production order for a single valve is run 
through the factory for prototype testing and approved before 
• 
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proceeding with the rest ot the order (~-6 months for com-
pletion of trial valve). If only a nominal lead time is 
available, which is generally the case, purchase orders for 
material procurement for the entire group of valves plus a 
calculated overage is authorized with a manufacturing re-
lease after the initial valve has passed operational tests. 
The most common and yet most difficult approach is 
when complete purchase and manufacturing releases are given 
on new valve designs prior to actual field or development 
tests have finalized the actual control contours. In such 
cases, semi-finished drawings have to be used and as results 
are obtained from test data the drawings must be changed to 
reflect these modifications which may continue up to the fi-
nal assembly and welding stage just prior to shipment. As 
this group of valves is being processed, engineering tests 
and evaluations have to be conducted concurrently with manu-
facturing leading the engineer not only into the realms of un-
known design criteria tor valve control dimensions, but also, 
into development and testing of purchased components for the 
production valves. 
To best obtain design criteria for the new valves 
the engineer may select a standard valve of appropriate size 
having standard parts and materials. The control surfaces of 
this valve may then be modified as the test data indicates 
and early in the manufacture of the main group of valves any 
major change in the design approach may be easily effected. 
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This, of course, is based upon the ability to test the proto-
type valve at conditions approximating the actual installation 
requirements. Actually, there are not testing facilities 
available tor some forms of relief valve testing in the coun-
try today. This has severely handicapped relief valve manu-
facturers and also has been a deterrent to their satisfactory 
use on nuclear power plants. 
To review a moment, Crosby manufactured valves tor 
the pressurized water reactor tor the prototype land-based 
submarine in Idaho. Development tests were conducted at 200# 
pressure cold water (required to operate@ 2,500 p.s.i. @ 
5000,. @ variable downstream pressure) at Crosby's plant to 
remove major operational detects from the design. Full opera-
tional tests were scheduled at an Atomic Energy Commission 
plant, but were discontinued (test facilities not adequate). 
From there, tests were initiated at a Naval boiler laboratory. 
Test results: inconclusive. By this time the urgency of the 
installation required shipment to the plant site. Tests were 
attempted on the plant - results inconclusive. When the 
Nautilus was being built, another round or manufacture and de-
velopment took place. This time a test facility was built in 
conjunction with the Commonwealth Edison plant in Chicago for 
testing and manufacturers hoped to obtain the necessary infor-
mation. The results again, however, were disappointing. The 
urgency of the installatton again prevented any form ot de-
velopment tests and shortly thereafter the issue became a 
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closed folder in the file. 
The folder remained closed for only a short time as 
the Nautilus proved itself to be successful, the Shippingport 
plant sponsored by the Atomic Energy Commission and Duquesne 
Light and Power the first major atomic power installation for 
commercial use became a reality. However, by this time the 
lease for the test facility at Commonwealth Edison had expired. 
Actually, even if available, the capacity of the test equip-
ment was no longer adequate to meet the increased power rat-
ing of the Shippingport reactor. 
After a thorough investigation of all of the vari-
ous test laboratories available throughout the country, the 
Atomic Energy Commission undertook to build a separate test 
plant having sufficient capacity in conjunction with the 
American Gas and Electric Plant in Mishawaka, which will be 
devoted exclusively to the testing of various valves and com-
ponents for nuclear plants. This facility costing upwards of 
tl,OOO,OOO to be completed early in 1957, affords manufac-
turers the first real opportunity to develop products suit-
able and acceptable for atomic plant use. In the beginning 
valves slated for installation in the Shippingport plant had, 
of course, prime preference, but it is expected that the fa-
cility will be open to other interested manufacturers after 
the required valves and components have been tested. 
Crosby holding the major contracts for the self-
actuated relief valves on the reactor at Shippingport is in an 
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excellent position to obtain first hand, invaluable test and 
development data which should, it successful, place the com-
pany in the most advantageous position competitively speaking 
tor any future plants. In addition, the test results may be 
used to improve commercial or standard valves. The test 
valves which Crosby will evaluate at Mishawaka are (due to 
the delivery requirements) actually production valves selected 
from those being manufactured tor actual installation at 
Shippingport. It will be the duty or responsibility of the 
Crosby design engineer to modify or change control dimensions 
in the valves as the tests progress arriving finally at valve 
operation and design which is acceptable or within specifica-
tions. In anticipation of field modification, tests have been 
conducted at the Crosby plant at lower pressures, temperatures 
·and capacities to provide background data. After the tests 
have been completed the modified control dimensions will have 
to be machined on the semi-finished parts before the final as-
sembly and shipment of the complete production order tor in-
stallation. 
c. Preparation ot samples and reports: 
Before manufacture can actually proceed it is nec-
essary to prepare certain procedures delineating manufacturing 
processes which take place on the various valve components 
prior to assembly. 
As noted earlier, the fabrication of hermetically 
sealed valves is generally broken down into two types of welds, 
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namely, structural or strength welds and seal welds. Before 
proceeding with any welding it is required that a welding pro-
cedure be prepared which outlines in detail form how the weld-
ing shall be done, welding rod used, amperages, etc. and also 
the inspection checks which shall be performed on the various 
weld passes. On structural welds the welding must be perform-
ed by an American Society of Mechanical Engineers or Navy 
welder qualified on the particular base material being welded. 
For seal welds sample specimens of the joint geometry must be 
prepared, welded and submitted with the procedure for approval. 
Note: Only the person who actually welded the specimen seal 
weld is approved to do this welding and then only on that par-
ticular type of joint and alloy. 
The same is true for hard facing of valve seats, 
threaded or guiding surfaces. Before proceeding with produc-
tion stelliting a procedure must be written and approved de-
scribing in detail the application and passes of stellite on 
the surface to be hard-faced. In addition samples of hard 
faced specimens having a physical geometry equivalent to that 
of the finished product must be furnished for examination and 
approval. The qualification and approval of the various mock-
ups is valid only for the individual who actually performs the 
hard-facing. 
Manufacturing procedures have to be prepared out-
lining how the various components will be fabricated, machined, 
etc. and also the sequence of operation. It is also neoes-
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sary to emphasize the restrictions of the use of certain ma-
chine coolants, tools, grinding wheels, files, degreasing 
processes etc. which might have an adverse effect on accepta-
bility of components due to contamination of base material. 
For example, a commercial carbon steel wire brush used to re-
move maching burrs from a piece could contaminate the base 
material such that it will not pass subsequent cleanliness re-
quirements. stainless steel brushes are, therefore, required 
for such de-burring. The sequence of operations is largely 
predicated upon the fabrication technique employed in the manu-
facture of the piece. A valve body, for instance, may be only 
rough machined prior to the welding of the outlet nipple due 
to amounts of deformation and distortion which takes place dur-
ing the welding operation. After the outlet nipple has been 
machined the body inlet portion may be machined to receive the 
nozzle which is subsequently welded. The body must then be 
machined again at the top end thus requiring four different 
set-ups to completely finish the body. 
Assembly procedures supplemented with photographs 
and drawings are written and submitted so that the personnel 
responsible for the equipment once it is installed will have 
a reasonable understanding, not only of how the parts go to-
gether, but also by having the drawings of each part avail-
able may machine a new part on the site in the event a spare 
is not readily available. Photographs of the various parts 
arranged to show the proper assembly sequence are provided to 
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identity the parts as described in the assembly procedure and 
also to more tully clarify the drawings themselves as to how 
the various components should look when completed. The as-
sembly procedure is further amplified by a brief explanation 
of valve operations, maintenance rules, trouble shooting etc. 
Change notices are, in general, notification from 
the purchasers to the vendor to make certain modifications to 
either the valves or to the paper work related to the valves. 
A notice affecting the design manufacture or valve specifica-
tions must be very carefully investigated as to its overall 
effect, before an acknowledgment may be sent back. In many 
instances, the actual purchase of the valve precedes to a 
certain extent full knowledge of the desired performance 
characteristics of the valves. As this information becomes 
more definite it is passed along to the manufacturer in the 
form of change notices and may take the form of increased 
quantity, higher or lower flow rates, more rigid specifica-
tions, inspection tests etc. These changes may have consid-
erable. effect on manufacturing costs and sometimes design. 
It is, therefore, most important that all change notices be 
reviewed immediately by properly qualified personnel so that 
the change may be effected immediately and also that a proper 
price adjustment may be made to cover increased costs where 
applicable. There have been many instances where change no-
tices have been received, acknowledged and filed with the 
purchase order without sufficient review which has resulted 
in the manufacturer absorbing the additional cost. 
Change notices sometimes refer only to the paper 
work relating to the valves. For example, the final ship-
ping destination is often not incorporated on the purchase 
order being withheld until the valves are ready for ship-
ment. Shipment to the proper destination would be effected 
by a change notice and as such would have little or no ef-
fect on the overall cost or the valves. 
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Chapter VI 
PRODUCTION 
Valve manufacturer's production departments are 
particularly well equipped to cope with the manufacturing 
control problems entailed in the manufacture of special 
valves for atomic energy plants. Over the years in order 
to meet the special requirements of the many industries 
which use relief valves a paper control system has evolved 
which maintains identity of parts and materials to a parti-
cular customer's order and yet allows for the manufacture of 
economical lot quantities. 
The production cycle begins in the specification 
department where a bill of material is prepared which is a 
listing of all of the various parts which are necessary to 
produce the particular valve together with a part number 
against each part. As each new part number is assigned an 
index card is set up which fully describes the material, 
drawing number, pattern number, forging number and/or any-
thing further special about the particular piece (a copy of 
which is forwarded to the Production Department). Before 
leaving the specifications department the bill of material 
is assigned an assembly number which maintains its identity 
with that particular valve until obsolete. Thusly, repeat 
orders may be readily processed once the correct assembly 
number (B/M#) has been obtained. 
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From the specifications department the bill of ma-
terial is correlated with the customer's purchase order and 
assigned a factory order number before being forwarded to the 
production department. Once received in the production de-
partment each part required for fabrication of the particu-
lar valve is checked against the stock record cards for a-
vailability (in stock-rough material warehouse-finished 
goods stock, purchase as required, etc.). Appropriate pur-
chase requisitions, shop orders, etc. are then issued to the 
various departments for the necessary material required to 
fulfill the requirements set forth on the bill of material. 
The stock record card (filed by part number) is a 
source card for all of the necessary information such as ma-
terial, size, pattern number, refinish number, etc. for or-
dering purposes as well as the control of rough and finished 
inventory. As factory orders are charged against the card 
(and then offset by receipts) yearly requirements may be as-
certained and ordering quantities, minimum and maximum bal-
ances are set up to maintain proper equilibrium between sales, 
production inventory and purchase and manufacturing lead 
time. Until such time as a history of usage has developed, 
new parts are generally kept on an "as ordered" basis. 
This system has proved to be quite successful in 
the production of standard and special material valves over 
the years as each component part and every material combina-
tion has a different part number for identification. The 
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production department, although burdened with probably an 
excessive paper system, does have control over the parts be-
ing manufactured, and when completed can properly assign the 
correct part to valve assembly as specified by the bill of 
material. This is quite necessary as a simple cap having 
the same physical geometry and appearance may be made from as 
many as 40 different materials. 
How then, does this system function when a bill of 
material is received tor a hermetically sealed-all bar stock 
special material relief valve? Before the bill of material 
has arrived part specification cards have been received from 
the specifications department, and stock record cards have 
been set up with the necessary information. When the bill ot 
material is processed the required quantities are charged a-
gainst the stock record cards and purchase requisitions where 
required would normally be issued tor the material. Once the 
material had been received, shop orders would be prepared for 
machining of the parts. In actual practice it is possible to 
gain considerable lead time in obtaining material by ordering 
the material before the bill of material is processed by pro-
duction. Normally a bill of material will not be released by 
the specifications department until the customer has approved 
the valve prints and specifications and has given a manufactur-
ing release. (Note: two to four months may elapse between 
the date on which the valve prints and specifications are ap-
proved. 
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Since the material generally has to be mill ship-
ment (material inspection checks at the mill and special pro-
cess technique) it is often necessary to group as many sizes 
into one general size as possible in order to avoid a large 
excess of material (mill run for each size) being received. 
Machining the excess material is costly, of course, but it is 
far less expensive than turning the plant into a warehouse of 
special material. To illustrate, a short while ago a cost 
was obtained on two spring clips - cost over $50.00 investi-
gation revealed, labor $1.00, material used 50¢, material ex-
cess over tso.oo and since the material was special it had to 
be charged against this job. Actually the spring clip could 
have been machined from larger stock which was available from 
cut-offs from some of the other parts. For these reasons, 
the material is often put on purchase orders prior to receipt 
of the bill of material by the production department. When 
the bill of aaterial is released a tabulation of the material 
ordered (P.O.#) vs. the part number is forwarded at the same 
time for insertion on the stock record cards and for produc-
tion control information. 
A. Purchasing: 
The purchasing department is responsible for pro-
viding the necessary materials for some 70,000 different i-
tems which make up valves and gages plus the associated in-
direct materials necessary for administrative and factory 
operations. To satisfy the material requirements for a single 
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valve the purchasing department generally places orders with 
a steel warehouse, a forging company, as many as four or five 
foundries (various materials), spring manufacturers, various 
screw manufacturers (nuts, bolts, etc.) and may have to move 
pattern equipment from one foundry to another in order to ob-
tain castings. 
In contrast, procurement of raw material for bar 
stock valves may be resolved by placing orders with a single 
warehouse for the complete requirements from 1/8" wire to 
10" billets without recourse to forging-die-pattern equip-
ment etc. thereby simplifying to a certain extent the pur-
chasing function. We have indicated purchase from ware-
houses instead of directly from the mill despite the fact 
that the warehouse will have to place an order on the mill 
for this material (since it is special) for two reasons, 
namely, that the price per pound remains the same irrespec-
tive of where it is purchased and second, that the service 
that the warehouse tenders in follow-up of delivery, per-
sonal attention to details of material specifications and 
their cutting of material to proper length etc. is invalu-
able in insuring prompt delivery and completion of the or-
der. 
It might be well to note that the large steel 
warehouses in this area at present are not stocking any ma-
terial to the required mill specifications at this time 
since sizes, specific~tions, etc. have not been developed 
J 
-83-
volumewise to such a point that it would be-economically 
sound to do so. A new warehouse company in Connecticut has 
recently been formed which is stocking stainless bars which 
do meet the present specifications. The effects of this 
venture on other companies engaged in steel warehousing will 
be watched with interest*. 
Since this material is special insofar as the mill 
is concerned, controlled heats and subsequent rolling opera-
tions have to be done in accordance with the specifications 
plus certain tests have to be performed during the manufac-
turing operations. The mill must also meet certain minimum 
guarantees for weldability, porosity, cracks, etc. at the 
risk or having the complete shipment rejected. Up to the 
present the mill has not required an extra added to the base 
price for these tests or tor this guarantee although extras 
are now to be expected. 
It behooves the purchasing agent to tully acquaint 
the vendor not only with the specifications themselves, but 
also the importance or meeting each and every detail of same. 
It is well to note that there is considerable difference in 
commercial acceptability ot welded joints and the acceptabi-
lity as required by the Atomic Energy Commission. Further, 
bar stock a wrought material is generally accepted (commer-
cially) as being free from porosity, and is acceptable when 
subjected to normal tests. However, material found adequate 
*43· 
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under these conditions may completely fail under a helium 
leak test required by the Atomic Energy Commission. By em-
phasizing these differences the purchasing agent can prevent 
considerable loss of machine and lead time on materials being 
processed. 
Delivery time for special material from the mill, 
as we have seen, takes considerably longer than picking up 
the phone and calling a warehouse and obtaining immediate 
shipment. How then does the purchasing agent compensate for 
machine spoilage, defective material, additional items etc.? 
Although the material requirements for the various components 
of the valves have been consolidated into as few sizes as 
possible the mill shipment will generally sufficiently over 
the ordered quantity to provide for such losses. 
So far we have been concerned with known require-
me~ts which are essentially easily met. However, in develop-
ing a new valve for specialized applications the designer 
many times is unable to accurately determine all of the re-
quired specifications for purchased parts. For example, one 
of the variables which affect valve operations is the charac-
teristics of the spring. The designer may desire to purchase 
three or four different springs for the prototype test valve 
and from test data obtained select the spring which provides 
the best operation. This is certainly satisfactory from the 
designer's viewpoint but isn't so prudent from a purchasing 
or management point of view when twenty-five valves are in-
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volved and the springs are from inconel-X material which is 
very expensive. This approach would tie up several thousand 
dollars in springs which probably would never be used. Since 
inconel-X material has a delivery schedule of six to ten 
months, the purchasing agent cannot wait until the testing of 
the prototype valve before committing the company to purchase 
ot the required springs. In order to fully protect the pro-
duction valves which are being fabricated along with the pro-
totype, a purchase order is placed with the spring vendor for 
ordering sufficient material onlz of the various wire sizes 
concerned for the twenty-five valves and springs only for the 
prototype test valve. In this way as soon as the ~roper 
spring has been determined, the manufacturer of the spring 
may commence with minimum delay for the final production of 
the required springs. 
The preceding arrangements, although probably a lit-
tle out of the ordinary, presents no particular problem, since 
a long standing relationship exists between the spring manu-
facturer and the valve manufacturer. How then does the pur-
chasing agent handle purchased components which are not a-
vailable and for which the valve designer has found a need? 
The purchasing agent once assured that the need 
cannot be satisfied in any other way and that no existing 
manufacturer can be found, must entertain quotations from pos-
sible vendors on a development basis - fixed price, etc. on 
sample components for test and evaluation and for the produc-
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tion units for the valves. In reviewing the quotations the 
purchasing agent must take cognizance of the fact that the 
final procurement date of the special items must take place 
on or before the time they are specified for installation in 
the valves. Selections of the best quotation goes, therefore, 
considerably beyond a price analysis and must consider the 
reputation, experience, ability delivery, guarantees, etc. of 
the vendor. It should be remembered that testing and evalua-
tion of the vendor's prototype component will be taking place 
during the manufacture of the valves themselves. His failure, 
is also the valve manufacturer's failure. For protection of 
delivery and availability of source the purchasing agent may 
deem it necessary to purchase prototype components from two 
sources instead of one. 
It is necessary to maintain records of mill reports 
of chemical and physical reports on all material which is used 
in the manufacture of the valves. This procedure has been 
standard practice for many years for Navy and government work. 
Actually, it is somewhat easier to maintain proper records for 
bar stock valves since the sources for material are few. Since 
material shipments are apt to be over and above that ordered, 
it is very important that these records be kept available for 
identification of this material so that it can be adapted to 
future orders or parts should occassion warrant. 
In addition to his concern for procurement of ma-
terial for the valves, the purchasing agent often finds him-
self with requisitions for indirect materials and special 
tools required for processing of the valves which has been 
taken from the process specifications of the customer and 
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for which he cannot find a source. For example, in cleaning 
and testing hermetically sealed valves the specifications re-
quire that distilled water be used having a specific resist-
ance of 500,000 ohm em. Buying distilled water is, of course, 
no problem. However, when the specific resistance specifi-
cation is written into the purchase order, procurement is 
made more difficult because vendors do not necessarily know 
what the resistance of their water is, and secondly do not 
have means to check it. 
Test fixtures and equipment present the same pro-
blem. Recently a pump was purchased suitable for distilled 
water service and appeared acceptable to specification. How-
ever, after receipt it was noted that one of the parts was 
of bronze, which was not an acceptable material, and the pump 
had to be replaced with a stainless steel pump. 
The list of these special items can go on ad infi-
nitum and have sorely tried the resources of purchasing people 
to locate vendors of. everything from nylon gloves to special 
lubricants to borescopes for inspecting small holes. It is 
well to note that the experience and sources developed become 
an important background to the purchasing department's func-
tion in conjunction with future atomic valve business. 
Throughout the discussion of the purchasing depart-
-88-
ment's role in procurement of material tor atomic valve work, 
we have de-emphasized price by according no comment to it. 
However, as more experience, skill, background and standardi-
zation take place, the purchasing agent must be in a position 
to recommend changes in specifications which will afford sav-
ings in cost to remain competitive. One of these recommenda-
tions could, of course, be the use of castings instead of 
carving intricate shapes from bar-stock. The use of castings, 
although permissable, has been tar from satisfactory. Poros-
ity and weldability, etc. problems have not yet been resolved 
so that their use can be accepted without provisions for loss 
due to these factors. In fact, foundries although basically 
interested in the furnishing of castings have been so badly 
burned, cost wise, that many are reluctant to furnish castings. 
Further, they will only allocate a certain percentage of their 
volume to this sort of work, reeling too great a volume ties 
up their facilities to such an extent that regular production 
work (minimum trouble) is greatly affected*. 
There is considerable hope that some of these ma-
terial requirements may be relaxed. The Shippingport plant 
is going in with full specifications, but the Yankee Atomic 
plant which is patterned after the former may have less rig-
id specifications as operating data is obtained from the 
Shippingport plant**· 
*44· 
**45· 
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B. Production control: 
Pending actual receipt of the raw material itself 
the production control department has taken preliminary pre-
cautionary steps to prepare for the proper handling and manu-
facture of the various components. Through the purchasing 
department the vendors have been advised to place a distinc-
tive marking (color code) on each piece of material being re-
ceived to properly distinguish the special material from 
standard. The receiving department on their copy of the pur-
chase order is notified of the correct marking and also that 
the material is to be segregated from all other material. It 
is most necessary that the material be coded in such a manner 
that removal of one piece from a bar will not impair identifi-
cation and further that a new code color or stamping, etc. be 
set up for the special material. Note that the special ma-
terial is basically different from commercial material in 
trace elements only and has had certain mill tests. It is 
not possible to re-identify the material once identification 
is lost. 
Before leaving the receiving room, the receiving 
department should carefully check for proper marking before 
moving the material to the segregated area. This area should 
be carefully marked and distinguished from the regular bar-
stock racks to prevent anyone from using the material for any 
other purpose than the valves for which it was purchased. 
The stock room clerk should be made aware of the importance 
of keeping this material separate from all other until the 
job is complete (and perhaps even then if large overages 
were received). 
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Before proceeding with manufacture, it has been 
found most beneficial to select someone from the production 
control unit to act as liason between the shop-production-
tooling-engineering-inspection departments, etc. to follow 
and correlate the Job as it progresses through the various 
stages of manufacture. To assist him in this assignment a 
production progress chart has been found to be most helpful. 
From the progress chart he may readily determine from what 
material the piece is to be made, quantities, whether it is 
a part of a sub-assembly, whether welding, stelliting or 
chrome-plating must be performed, etc. In short, it carries 
a particular part from purchase of raw material to final com-
pletion. 
After a manufacturing release has been given, he 
will schedule first those component parts which require the 
greatest amount of machine work or fabrication for comple-
tion, selecting the material from the sizes and lengths as 
shown on his chart. As the various parts making up welded 
sub-assemblies are completed, they must be inspected by the 
manufacturer as well as the government before welding can be 
authorized. In sending parts out to be welded a copy of the 
purchase order must be sent to the government inspection a-
gency, and a copy of the approved weldimg procedure must also 
-91-
accompany the order. The government will be notified when 
the welding is to take place and will witness the welding op-
eration of the root pass and the dye-penetrant check and, if 
satisfactory, will (generally another trip) witness final 
welding and final dye-check of weld material before accept-
ing the assembly. This same procedure is necessary when ma-
terial is sent out to be hard faced (stellited) and, in all 
cases, acceptance papers from the government inspection a-
gency must be obtained and held in the valve manufacturer's 
file as part of the permanent records. 
Needless to say, this is a very time consuming pro-
cedure requiring close contact work between the various par-
ties concerned to assure that deliveries and production sched-
ules are not impaired. It is well to note that the actual 
cost of the welding or stelliting is not on a job lot basis. 
Prior to welding we indicated that a specific welder (s) had 
to be approved by the preparation and submission of sample 
welds thus restricting the welding to particular approved 
welders. After the root pass has been laid it must be ground 
down to the satisfaction of the inspector before the dye-
check can be performed and-checked and then repeated again 
tor subsequent passes. This all takes time and the welding 
shop must be compensated tor performing this inspection func-
tion which is a variable depending somewhat upon the discre-
tion of the inspector. The cost, therefore, of a particular 
weld may vary considerably depending on factors beyond the con-
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trol ot the purchasing department*. The selection of the 
weld shop becomes most important in order to avoid excessive 
charges, rejections and delays. 
As the various components are finished they are 
routed through the inspection department. It is well to note 
that the usual statistical checks for quality control gives 
way to one hundred percent piece inspection for dimensional 
accuracy and surface finish. This final inspection is in 
addition to any inspection previously given during manufac-
ture or machining. There can be no compromise between the 
dimensions as depicted on the drawing and the finished com-
ponents even on non-critical dimensions. To satisfy this re-
quirement a large amount of remachining may be necessary to 
bring the surface finish or dimensions within the specified 
limits. 
The production control department must make certain 
allowances when scheduling parts for nuclear valves on the 
various machines especially when the machining is to be done 
concurrently with other scheduled production runs of stand-
ard valves. The scheduler soon notes that the machine set-
up time and the actual machining time will run considerably 
longer than the most conservative estimate, particularly on 
the very special items, thus, possibly tying up some machines 
for several months without interruption. Further, it soon be-
comes apparent that the work cannot be assigned to any machine 
*46. 
-93-
which has open capacity but rather to those machines which 
can adequately reproduce the accuracy and surface finish de-
sired. The machine must also be able to chuck bar-stock and 
have the other physical characteristics such as over-hang 
swing, power, thread, etc. Since the production runs are in 
general for fewer pieces than regular production runs, the 
set-up time to actual machine time becomes a higher value, 
thereby, indicating a preference for the use of engine lathes 
to turret lathes (turret lathes being the mainstay of the ma-
chining capacity of a valve manufacturer). To off-set the 
longer machining time and selectivity of machine, the schedul-
er has working in his favor (generally) longer lead time for 
completion providing this lead time has not been foreshortened 
by extended delivery time of raw material. 
The tooling and methods department must acquaint 
themselves with the particular problems relating to the manu-
facture and construction of hermetically sealed valves. Per-
haps no other department is as important or can do as much in 
lowering costs and preventing spoilage or loss, than the tool 
and methods personnel. It is the duty of this department not 
only to design the proper tools for machining but also to in-
sure that the required techniques and restrictions are adhered 
to during manufacture. At present, a maximum finish of 125 
R.M.S. is specified and the use of carbide files and deburring 
tools is required. Wire brushing shall be done using stain-
less steel brushes (which have not been used on any other m~-
terial). Surfaces may only be ground with rubber or resin 
bonded aluminum oxide or silicon carbide wheels or fabric 
wheels impregnated with these grits, etc.* 
-94-
The function or work of this department begins with 
review of the drawings of the various valve components as sub-
mitted by the valve designer. The tool and methods engineer 
must check the drawing for adequate tolerances, sufficient ma-
terial for refinishing of sub-assemblies after welding due to 
weld distortion and effects of weld metal on subsequent ma-
chining, overall design for ability to machine various mate-
rials, finish requirements, etc. with a basic thought to sim-
plification of the designer for more convenient machining. 
Basically, the use of bar stock simplifies the pro-
blems of fixture design for holding the various pieces during 
manufacture. However, the tool designer must be careful to 
insure that the final machining operations remove all chuck 
marks from previous machining operations. This generally re-
quires the use of specially bored-soft jaw-collets or thread-
ed nipples. Where special fixtures are required, they must 
essentially be of relatively inexpensive design since future 
production of similar parts is an unknown quantity and the 
size and shape of the parts may be entirely different on a 
subsequent order. 
In setting up the operation sheet (referenced by 
the part number of the piece) the methods engineer, after se-
*37. 
-95-
lection of a machine which can do the work, generally charts 
the sequence of operations based upon performing the work 
single-point as opposed to combination tools. This results 
in longer machine time but less set-up time and much less 
tool expense. The machined surfaces are also more apt to 
pass the surface requirements of the particular piece. Ma-
chining stainless steel parts, although requiring considerably 
longer time, presents no special problem since valve produc-
ers have long worked with all types of special alloys. How-
ever, in machining and drilling certain welded components 
and stellited pieces carbide drills (tools) etc. must be 
used and the operation sheet must clearly indicate (as in 
the case of carbide files, stainless brushes, etc.) where 
these should be used. 
c. Manufacturing nuclear components: 
Before the shop orders descend upon the manufactur-
ing department the foreman and group leaders should be in-
structed in a general manner with the machining and fabrica-
tion requirements for the valve parts. Each operation sheet 
should be reviewed for tooling, machining and sequence of op-
erations to insure a minimum of delay and loss during machin-
ing. The proper plug-thread gages etc. should be checked to 
be sure of availability and accuracy before machining com-
mences. For checking surface finish an inexpensive surface 
gage may be purchased from the General Electric Company for 
issuance to group leaders. 
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When instructing the machine operator in the machin-
ing operations, care must be exercised in impressing upon him 
the necessity tor contormanoe with the drawing, the operation 
sheet in machining technique, dimensional accuracy and sur-
face finish. This instruction, generally, has an adverse ef-
fect on piece production, since the operator tends to be over-
cautious in taking minimum machine cuts and excessive time in 
checking to prevent machine spoilage or in meeting finish re-
quirements. Hence the necessity ot education not only for the 
conformance with specifications but also to keep this require-
ment from becoming too burdensome with subsequent loss of 
production time. 
Following the sohedule as set up by the production 
control unit, which has taken into account a preference for 
the parts requiring the longest manufacturing time, the manu-
facturing group must exercise religious control and supervi-
sion to insure that the proper tools and techniques are em-
ployed by the operator. It is not enough to provide, for 
example, carbide files - the supervisor must insure that they 
are used and that unspecified tools are not used. It is good 
practive to have the first piece from every operation checked 
by the floor inspector to insure conformity with drawing and 
finis~ requirements. Any deviation should be corrected im-
mediately. 
Supervision should extend to very close control of 
material handling between machines and departments. It is, ot 
course, fruitless to spend hours machining to meet a surface 
finish requirement and then damage the piece in handling, 
possibly requiring further machining or rejection. This pro-
blem is further augmented by the necessity of shipping fin-
ished pieces to the weld shop or to an approved chrome plater 
when these operations are done outside of the plant. In 
these instances, not only must the pieces be packed to pre-
vent damage, but the vendor must also be advised and impress-
ed with the necessity of careful handling. In oases where 
parts have to be sent out of the plant it has been found ad-
visable in many oases to provide personal transportation. 
As the various components making up sub-assemblies 
have been finished they have been subjected to plant, custo-
mer and government inspection prior to further machining or 
fabrication to insure that no part making up an assembly will 
be cause for rejection, after it has been welded into place, 
stellited, or chrome plated. 
When the greater percentage of parts have been com-
pleted and have weathered plant inspection, government and 
customer inspection is generally requested for approval of 
finished parts. A date agreeable to all parties is set and 
the necessary preparatory steps taken (separate room, accu-
mulation of required inspection tools, gages, etc. dye check-
ing equipment) to expedite the process as much as possible 
which at best takes several days. It has been found advan-
tageous to prepare an inspection form which lists the part 
number, quantity, material, inspection tests performed etc. 
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with provision made for signing of acceptance or rejection 
(reason for) by each inspector. Rejected pieces must be sal-
vaged, repaired or junked as the defect warrants or in some 
cases a waiver from the customer's engineering department may 
be requested. Inspectors, due to the special nature of the 
end use of the valves, tend to oYer-inspect parts and as a 
consequence considerable effort has to be expended in re-
machining and polishing of machined surfaces in order to a-
gree with their determination of acceptability, inspectors 
being particularly strict relative to surface finish, machin-
ing burrs, indentations, etc. 
As the parts are accepted, they receive a prelimi-
nary cleaning in acetone and distilled water. After drying 
the parts may be conveniently stored in polyethelene bags to 
prevent entry of moisture and dust. It is, of course, im-
perative that the parts be stored in a room or location where 
they are not apt to become damaged while awaiting final clean-
ing and assembly. An excellent location for these parts would 
be in the clean area which we will discuss in the following 
paragraph. 
Before assembly of our special valves oan commence 
it is necessary to provide an area for cleaning, assembly and 
testing of the valves which meets the cleaning requirements 
for nuclear power plant equipment. A clean area suitable for 
carrying out cleaning, assembly and testing operations for re-
lief valves consists of a complete enclosure in which windows 
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and doors are tight fitting. In general the degree of clean-
liness required for a clean area shall be comparable to that 
normally found in business offices or homes. The foregoing 
is an excerpt from the valve specifications as set forth by 
the Atomic Energy Commission and although rather general in 
nature it does indicate the necessity tor setting._apart a 
section of the plant for this type or work whi~}l is reason-
ably free from plant contamination*. 
Before parts are brought into the clean ~ea~hey 
should be thoroughly scrubbed with a stiff bristle brUsh and 
soap and water to remove all heavy dirt and then rinsed in tap 
water. Immediately following the rinsing the parts should be 
immersed in commercial distilled water. In the clean area 
the parts are degreased in unused acetone, tricloroethylene 
(inhibited) perchlorethylene (inhibited) or alcohol by im-
mersing or by swabbing. Our preference is tor acetone which 
although not a good solvent is not flammable. 
Following the degreasing operation the item should 
be handled with lint-free gloves (preference nylon or rubber) 
to prevent contamination by handling. Immediately following 
the degreasing operation the parts shall be rinsed in dis-
tilled water before the solvent dries. Each component part 
must be checked for cleanliness by the government and custo-
mer inspector before valve assembly. It is well to note that 
the cleaning of the various parts must be done in accordance 
*38. 
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with a procedure written by the valve manufacturer and sub-
mitted to the customer and government for approval. Unless 
specifically authorized acid pickling and passivation-grit 
and vapor blasing and steam cleaning are not permitted as 
part of the cleaning procedure. 
D. Assembly and testing: 
In assembling the valves after the parts have been 
cleaned and inspected considerable care must be exercised to 
insure that they do not become contaminated. Assembly should 
be carried out in the clean area and the assembler should 
wear lint-free gloves. Tools and fixtures used for assembl-
ing should be of stainless steel and degreased and cleaned in 
the same manner as the valve parts. Components accidentally 
handled without gloves must be degreased and cleaned as des-
cribed above. Immediately following assembly all openings, 
parts, etc. should be sealed with masking tape - polyethy-
lene or plastic plugs to prevent entry of any foreign mate-
rial entrained in the atmosphere. Ordinary lubricants may 
not be employed for threaded or rubbing contact surfaces. 
The only lubricant acceptable for use is a commercial product 
called Neolube (colloidal graphite in iso-butyl alcohol). In 
its use a minimum coat shall be applied and only to one mem-
ber of a given joint. The assembly of the valves must be 
witnessed by an inspector from the Atomic Power Division to 
insure compliance with specifications and approved procedures. 
Interpretation of compliance rests with the inspector. 
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Prior to tinal testing ot the valves atter assem-
bly the greatest percentage ot the inspection and production 
testing have been completed. Welded sub-assemblies have had 
the welds checked by the necessary inspection techniques and 
have been hydrostatically tested to insure their acceptabil-
ity. Where required these joints have received in addition 
to the two hour hydrostatic test a helium leak test which is 
probably the most severe test which a part may be subjected 
to tor determination of leakage. 
To perform a helium leak test the joint is pres-
surized with helium to two-titths the maximum allowable 
working pressure and then completely enclosed in a poly-
ethylene bag. After three hours the bag is probed with a 
mass-spectrometer having a sensitivity ot 8 x 10 - 6 co/sec. 
The detection of helium in excess of the normal background 
indication shall constitute failure ot the joint. This test 
(witnessed by Atomic Energy Commission inspection) constitutes 
an added burden to the welds of a bellows, for example, which 
may have twenty-five welded Joints. A pick-up of helium un-
der these test conditions could indicate a leak ot the magni-
tude ot 1 cubic centimeter in three years. As noted earlier 
solid bar-stock sometimes will not pass this test. 
In preparation for valve tests it is necessary to 
provide adequate stainless steel fixtures which are suitable 
for the high hydrostatic pressures (up to 5,000 p.s.i.) and 
also a means of building up the pressure. Regular plant e-
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quipment cannot be used since the pressure source must be 
stainless steel and the pressure medium must be distilled 
water to prevent contamination of the component being tested. 
In addition the fixture and equipment design must be such 
that the hydrostatic tests will not fail due to leakage 
through anything but the valve. The hydrostatic test as spe-
cified requires that the unit be pressurized to the required 
pressure after which the pump shall be isolated from the test 
unit. The component shall remain pressurized for two hours 
and all surfaces and welds examined shall be thoroughly ex-
amined for leakage or weeping. Any drop in pressure as noted 
on a pressure gage over and above that expected due to tem-
perature changes shall constitute failure. 
This test is considerably more severe than the 
valve manufacturer's commercial test. In conducting a stand-
ard test the pump is not disconnected nor is the period of 
time longer than that necessary to make a visual check of all 
pressurized surfaces for leakage. Leakage indicated by a 
drop in pressure as performed for the Atomic Energy Commis-
sion could be due to minute leaks anywhere in the pressurizing 
system. The minutest leak through a shut-off valve will be 
reason for test failure even though the unit which is being 
tested does not show any leakage. One valve manufacturer 
spent four days trying to pass this test because of leakage 
in the test equipment not due to leakage in the component be-
ing tested. 
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Since the units being tested are held at full pres-
sure for a minimum of two hours and must be witnessed by gov-
ernment inspection the testing time is necessarily quite long 
for each component, sub-assembly and finally the complete 
valve. This is another reason for divorcing the testing of 
nuclear components and valves from the regular factory fa-
cilities. Obviously testing of production valves would be 
severely disrupted during the testing of a large group of nu-
clear components. In equipment planning it would, of course, 
be more convenient to manifold the assemblies being tested so 
that more than one component could be tested at a time. How-
ever the costs entailed in purchasing and fabricating the 
necessary pressure gages, special valves, piping and fixtures 
required is prohibitive especially when we note that the 
valves and components have not reached the standardization 
stage insofar as size, scope, design, etc. at this time. 
After the valva has passed the two hour hydrostat-
ic test it is then ready for setting and operation tests. 
At. present relief valve manufacturers do not have sufficient 
facilities to test the valves in conformance with specifica-
tions. Available facilities provide for sat pressure adjust-
ment on steam (up to 800 p.s.i.) aim to 20,000 p.s.i. and 
water (cold) to 20,000 p.s.i. and for seat leakage tests. Op-
erational tests required at full pressure and temperature can-
not be conducted. For this reason a lead valve from a group 
of valves is assembled, tested and shipped for testing by the 
Atomic Energy Commission, before the rest of the valves can 
be assembled. 
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If the setting and operational tests prove satis-
factory the remaining valves may be released tor assembly, 
test and shipment. Note that this approval may be extended 
not only to this complete order tor the valves but also, and 
this is important, to any future valve orders wherein the ex-
act identical valve is to be furnished. In these instances 
production tests only {hydrostatic and setting, etc.) will be 
required. 
However, the foregoing is predicated on the valves 
functioning properly during operational test. Field tests 
may indicate that the control contours are not adequate and, 
therefore, some development work may be necessary at the test 
facilities in order to improve valve operating characteristics. 
Due to temperature and flow the set pressure setting as ad-
justed by the valve manufacturer may be round to be sufficient-
ly inaccurate to requir~ that the valves (once operation has 
been found satisfactory) be sent to the test facility tor ad-
justment and then back to the valve manufacturer for final 
cleaning, welding and testing. In commercial practice it is, 
of eourse, possible to adjust and set the valves on the ac-
tual installation. In nuclear power plants (generally) the 
valves are hermetically sealed and not accessible for adjust-
ment. 
After the lead valve has been approved the valve 
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manufacturer may then proceed with assembly and test of the 
remaining valves. Once the set pressure has been ascertained 
a seat leakage test is performed. Relief valves are classi-
fied as components which must meet very rigid seat leakage 
requirements which specify that during a one hour test only 
2 cc. leakage per inch of seat diameter is permissable with 
practically no differential pressure between set and test 
pressure. This is considerably severer than commercial prac-
tice requiring extreme care in valve seat preparation (lap-
ping and finishing) in order to pass. All setting and test-
ing operations are approved by government inspection. All of 
the cleanliness, contamination, and test specifications are 
in full force during these tests. 
For hermetically sealed valves, the seal welds, 
surrounding the valve adjustments must be made under govern-
ment supervision followed by a two hour hydrostatic test and 
a three hour helium leak test both under government inspec-
tion. 
E. Final inspection and shipment: 
As we have progressed through the various depart-
ments, manufacturing, assembly and testing we have attempted 
to indicate what records and inspection is required. Since 
the valves, after cleaning, are now ready for shipment all of 
the papers pertaining to the valves must be at hand for gov-
ernment inspection. Reviewing briefly we have: 1. From the 
purchasing department complete records of chemical and physi-
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cal reports, heat, numbers, etc. for each piece of material 
used in the production of the valves. 2. Certification of 
each weld performed and stelliting operation as being in 
conformance with proper procedures including results of dye 
check on each weld as required. 3. Certification that each 
pressure weld has passed the hydrostatic test. 4. Certifi-
cation that welded components have passed helium leak tests 
where required. 5· Approval of individual part inspection 
as being in conformance with drawings and surface finish re-
quirements. 6. Certification that complete valve passed 
hydrostatic-setting and seat leakage tests. 7. If welding 
is required after final setting, certifications of welding, 
hydrostatic and helium leak tests must further be provided. 
This is a formidable list of records and inspec-
tions and requires the very careful attention of all concern-
ed to insure that government and customer inspection do wit-
ness and approve all of the various steps during the fabri-
cation cycle as required by specification. 
Immediately following testing the valves should be 
dried. Acceptable methods for drying fall into two classi-
fications: 1. Commercial methods (air-drying, hot air 
blower, lint-free cloths) are acceptable for components com-
pletely fabricated from stainless steel. 2. Special methods 
such as oven drying (250°F. to 3000F.) and vacuum (pressure 
of l millimeter) are required for components which have parts 
made from straight chromium stainless steel, carbon, nitrided 
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or chromized steels. The drying operations herein described 
must be performed in the clean area and due diligence must 
be exercised to insure that openings, ports, etc. be kept 
free from all foreign matter or contaminants. Should the 
valve as a result of the testing or subsequent operations be-
come contaminated it must be thoroughly degreased and rins-
ed as previously described. 
After the valves have been thoroughly dried and 
inspected all openings must be sealed with plastic caps and 
packaged individually in moisture vapor proof envelopes ca-
pable of being heat-sealed (polyethylene sheets minimum 
thickness .008 or sheets conforming to MIL-13-lJlB). Be-
fore heat sealing all excess air should be evacuated from 
the envelope. Due to the irregular shape of the relief valve 
it is expedient to purchase a small portable sealing iron, 
which will follow the general contour of the exterior of the 
valve for sealing purposes. Since stamping is not permissable 
as a marking device, valve port identifications must be etch-
ed. Drive screws for attaching valve plates is generally not 
acceptable and must be welded to the valve body. Care should 
be taken in handling the valve during and after the sealing 
in the plastic bag to prevent rupture or tearing of the en-
velope. The items packaged shall be adequately cushioned and 
placed in a fibre board box and then in shipping containers 
made from cleated plywood, nailed wood boxes or sheathed 
orates conforming to packaging specifications PPP-B-601 (gross 
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wt. 200-400#)*. 
Marking ot all containers, packages, envelopes, 
etc. shall be in accordance with MIL-std.-129. In addition 
to these requirements the valve (or a dummy load) as pack-
aged must be given a free tall drop test (gross wt. 200# or 
less) on each corner of the box onto concrete or solid steel 
from a height of 30". The container shall then be immersed 
in water for one hour, opened and inspected for signs of 
dampness. A corner wise drop test is specified for gross 
weights in excess ot 200# which requires that the face cor-
ner be supported on a block 5" high and a 12" block be 
placed under the other corner, same end. The opposite side 
is then raised 36" and allowed to drop tall to solid con-
crete or steel both ends being subjected to the same test. 
After immersion the inner envelope would be inspected for 
dampness as in the previous test. It is only necessary to 
conduct this test on a single unit of a given group ot iden-
tical valves. The foregoing shipping and packaging procedures 
and tests must be done in the presence of government inspec-
tion. 
Valve manufacturers are not particularly at a dis-
advantage in meeting these requirements or educating person-
nel in procedural details since they have developed similar 
techniques for packaging spare parts for the Navy for over-
seas or long term storage. The major difference being in the 
*39· 
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handling and cleanliness requirements and further that the 
specifications apply to complete valves as opposed to small 
spare parts. 
Throughout the preceding paragraphs we have stress-
ed the necessity and the amount of government inspection prior 
to actual shipment. However, acceptance ot equipment is not 
predicated upon inspection at the valve manufacturer's plant 
but rather upon the final inspection which the valve receives 
at destination which not only is tor performance but also in-
cludes checking for cleanliness, moisture, surface finish, 
etc. It is not improbable that a complete valve may be re-
jected tor any one ot these items and sent back tor correc-
tion requiring disassembly, reconditioning and retesting, 
etc. all at the vendor's responsibility and cost. 
F. Summary: 
The importance ot full and complete transmittal ot 
information relative to proposed and actual changes to all 
persons and to all pieces ot control papers concerned cannot 
be over-emphasized. Problems encountered in tool design, 
manufacture or test must not only be quickly solved but also 
the solution must be reflected in corrected drawings, pro-
cedures so that inspection may proceed satisfactorily. As we 
have noted earlier the customer when placing an order is not 
always sure ot design requirements tor set-pressure, flow 
rate applicable specifications. As the job progresses and 
these factors become firmed and part ot the purchase order, 
their effect on valve part production, design and cost must 
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be evaluated immediately. Delay may not only add. consider-
ably to the oost, but also may be cause for part rejection 
with subsequent loss of lead time. 
In our discussion of the production system we 
pointed out that the paper control system was particularly 
well suited for adaptation to nuclear valves, since it is de-
signed to meet special material requirements for individual 
customer's specifications. This system, however, has its 
drawbacks when required to be flexible for changes once put 
into motion. For example, should a dimensional change be re-
quested for a single part of the valve, a new part number 
must be assigned requiring a new bill of material, new stock 
record card, new raw material card, new drawing, etc. This 
ohange must be made to each and every control paper concerned 
with the valve, plus prints issued for machining, tooling, 
eta. must be recalled and destroyed. To assist in the con-
trol of prints of the various parts, it has been found ex-
pedient to issue only one blueprint to the personnel or de-
partments concerned. Additional prints may only be obtained 
by turning in the old print. 
Before concluding the section devoted to production 
and manufacture we should discuss the problems of who is 
responsible for the proper execution of the various steps of 
fabrication, assembly, test and shipment. It is possible, of 
course, to disseminate the written procedures covering the 
various facets of the requirements for nuclear valves to the 
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particular departments which would normally be responsible 
for certain functions or operations. These procedures to-
gether with an educational program designed to impress upon 
the individuals concerned the necessity for full compliance 
with the specifications has provided an adequate solution 
for some companies. Actually repeat orders for identical 
valves may be safely handled through the machining cycle 
quite conveniently once an initial order has been processed 
and the problems have been worked out. 
However, inspection, cleaning, assembly and test-
ing presents a different problem. We have shown that the 
regular factory test equipment, assembly area, etc. are not 
suitable or adequate for atomic power valves. In addition, 
we have outlined not only the quantity but also the time 
consumed in conducting the necessary tests on the component 
parts and valve assemblies prior to shipment. On one valve 
which we are fabricating a minimum of twelve hours will have 
to be spent on hydrostatic and helium leak tests alone, not 
including set-up time, providing that the part or the valve 
passes every test. When compounded with all of the other 
inspection tests and a quantity of twenty valves (Note: 
all under government inspection) it soon becomes apparent 
that some provision or allocation of personnel must be made. 
The best solution to this problem appears to be to 
establish a separate department properly staffed to handle 
valves for nuclear power plants. This department would be 
responsible for design, production, fabrication, assembly, 
test and test facilities for special components. This re-
sponsibility does not necessarily denote a separate entity 
ot purchasing, production or manufacturing but rather a 
liason group for steering valves through the complete pro-
duction cycle from inception to assembly at which time the 
department assumes full responsibility tor completion of 
the manufacturing cycle. 
This arrangement works particularly well when 
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valves are being fabricated for the first time, or on devel-
opment contracts. Although drawings and specifications are 
initially set up for machining the various parts, changes due 
to development tests or to customer change orders will in-
evitably be required. A single source contact for the cus-
tomer which is responsible for the complete fabrication cycle 
as well as.the development and final field testing of the 
valves insures a close working relationship between custom-
er's requirements and the valve manufacturer's plant. This 
department may also assume tull responsibility of development, 
test and evaluation of special purchased components. Estab-
lishment of a group (or department) as outlined above is, of 
course, in lieu of actually setting up a separate division en-
compassing a complete entity for production of nuclear compo-
nents which appears to be the inevitable solution for some 
companies deeply committed to this type of work. 
Chapter VII 
FIELD TESTING 
When a designer first conceives a valve design 
which he feels is suitable for meeting the particular re-
quirements of a valve specification, he has drawn upon all 
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of the background information available to incorporate into 
the valve the simplest yet most effective controls. Depend-
ing upon the extent of the company experience and test data 
available this design may require very few minor changes or 
may be considerably off its mark requiring major modifica-
tions. We have seen that although the schedule date for 
completion of a nuclear valve order may be substantially 
longer than commercial valves, that the lead time is actually 
shorter than standard valves since time required for pro-
curement of material and manufacturing are extended consid-
erably beyond those for standard parts. For this reason, 
the designer releases to manufacturing incomplete drawings 
and specifications, these being subject to change as the de-
velopment testing of the basic control conception is being 
developed concurrently with part manufacture 
In order to proceed with development testing as 
soon as possible upon receipt of customer's order for a new 
valve, the designer generally works with a simplified model 
of the proposed valve in his test work. Since the testing 
of the model valve cannot be tested at the required pres-
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sures, temperatures, and flow rates, due to inadequate fa-
cilities, the purpose of the tests is not necessarily to de-
velop final control contours but rather to prove that the 
basic design concept provides a reasonable solution to valve 
operating requirements and that the control adjustments pro-
vided actually have a measure of control. 
Development testing may also be required for pur-
chased components. For example, we have previously indicated 
that for hermetically sealed valves and for certain other ap-
plications metallic bellows are required as a sealing member. 
The scope of pressures and temperatures required for these 
bellows is beyond the actual experience of vendors plus their 
complete lack of experience and information when bellows are 
used in conjunction with safety-relief valves. A testing 
program is necessary which simulates to the greatest possible 
degree the actual conditions under which the bellows will be 
called upon to operate in service. These tests may include 
hydrostatic testing, helium leak testing, spring rate and 
cycle tests at full temperature and pressure. Until such 
time as this background experience becomes well founded and 
accepted development and proof testing of such components must 
be continued. 
A. Develop~ent testing: 
The design and control data obtained from the tests 
of the simplified model valve cannot be accepted per se as 
evidence that valve operation will be satisfactory when test-
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ed at full temperature and pressure for several reasons. The 
construction materials used and the relative size and shape 
of the parts may be different in the model valve from the 
production valves and since the coefficients of expansion and 
physical properties vary between materials the designer has 
no assurance that the final results may be reasonably antici-
pated. 
Since the thermodynamic properties and related phy-
sical properties of steam, water and other fluid media vary 
with temperature and pressure, the designer, using a part of 
the energy contained in these mediums for activation of the 
valves, is handicapped when required to develop test data 
and control information at energy levels different from those 
actually encountered in service. This same reasoning applies 
to valve seat construction, valve guiding surfaces, etc. It 
is entirely possible, for example, that seating surfaces ade-
quate for 1,000 p.s.i. steam will fail and leak at 2,000 
p.s.i. In like manner slightly higher temperature may cause 
galling of a guiding surface thereby failing the valve. 
It is, of course, impossible to duplicate the ac-
tual final installation in every detail short of testing the 
valves on the actual installation which is not possible. Yet 
the geometry and flow passages of the piping up to the inlet 
of the valve and the downstream (discharge) piping may have 
considerable effect on the valve operating characteristics. 
A hot-water relief valve mounted away from the main line, 
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which it is protecting, may be actually at compartment tem-
perature and the water at the valve inlet may be relatively 
cool, since there is no flow and the pipe is actually dead-
ended until the valve opens. When the valve opens it is 
initially discharging relatively cool water. As flow con-
tinues the water may change in temperature as much as 400°F. 
with a resultant change in its thermodynamic properties. 
The downstream or discharge system may be into a blowdown 
tank (cannot discharge radio-active material to atmosphere) 
or may follow a tortuous passage through various valves in-
to sea-water at various submergence levels. A piping ar-
rangement might be conceived which seemingly duplicates dis-
charging steam against varying back pressure. This, how-
ever, cannot simulate what occurs when a safety valve opens 
and discharges a large quantity of 500°F. steam into cold 
water at deep submergence, as in the case of a submarine. 
This analysis of the inadequacy of using the de-
sign data obtained from the development testing may be ex-
tended to the results of the bellows development program or 
other valve components. Initially a design consideration 
may require that the bellows withstand 2,000 cycles at full 
operating pressure, temperature and stroke. In the develop-
ment program sample bellows tested in a simulated mock-up of 
a valve under the above conditions did not fail after 200,000 
cycles which appears to be most satisfactory. However, the 
tests were conducted in a laboratory under ideal conditions. 
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When actually installed in the valve, should the valve go in-
to a high frequency vibration, the bellows might fail in a 
matter of seconds. 
The development testing then does provide data and 
a background of experience for design and construction of 
valves for nuclear power plants. However, there is risk in-
volved in full acceptance of results obtained. The final 
answer can only come from the results obtained on field tests 
at full operating conditions. 
B. Test facilities: 
The plant facilities for experimental testing or 
relief valves consists of the following: 
steam tests- On 800 p.s.i.g. max. pressure boiler 
having a usable capacity of 20,000#/hour of saturated steam. 
Steam can be metered to determine flow-rate. 
Sales requirements- Valves to 3,000 p.s.i.g. - flow 
rates in the order of several hundred thousand pounds per 
hour. Temperature from saturated steam to superheated steam 
@ l,l00°F. 
Water or liquid testing- A 300 p.s.i.g. max. pres-
sure pump having a usable capacity of 250 g.p.m. Water may 
be metered or weighed to determine flow-rate. Separate fa-
cility for pressure setting only (no capacity) to 20,000 
p.s.i. 
Sales requirements- Valves to 10,000 p.s.i.g. ca-
pacities in the order of several thousand gallons per minute. 
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Temperatures to saturated water. 
Air or sas testing- Unable to conduct operational 
or flow tests - compressor available to 2,500 p.s.i.g. for 
pressure setting only. Air pressure may be built up hydrau-
lically to 20,000 p.s.i. for pressure setting only - atmos-
pheric temperature. 
Sales requirements- Valves to 10,000 p.s.i.g. capa-
cities to 100,000 c.f.m. - temperatures from J00°F. to 
l,Soo°F. 
These facilities have been satisfactory for experi-
mental development testing. However, it is quite apparent 
I 
that actual proof-testing of valves is quite limited in 
scope insofar as pressures, temperatures and capacities are 
concerned. Yet these facilities are as good as any available 
in safety-relief plants today possibly with the exception of 
a test boiler at Manning Maxwell & Moore which is capable of 
pressure testing on steam to 10,000#/hour at full temperature. 
Surveys made of equipment for higher pressure, tem-
perature and capacity have eome to naught due to the very 
high initial cost and operating eost for a very limited a-
mount of test work. For example, an investigation for a 
high pressure 3,000 p.s.i. water pump having a capacity of 
1,000 g.p.m. suitable for a limited amount of development 
testing for nuclear valves together with the necessary acces-
sories would run well over $100,000. Even at this price com-
plete testing of all phases of valve operation could not be 
accomplished, for example. 
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Test facilities outside of the plant are also in-
adequate or unavailable. For steam testing the National 
Board maintains a steam test facility at Ohio State Univer-
sity which was primarily set up for safety valve testing. 
Maximum pressure, however, is limited to 160 p.s.i.g. and 
a capacity of approximately 12,000#/hour. In Oklahoma the 
Phillips Petroleum Company has set up a flow testing sta-
tion for gas testing of relief valves having a maximum pres-
sure of 450 p.s.i.g. and some 15,000 cubic feet per minute 
capacity. There is no approved water or liquid test facil-
ity available although various universities or technical 
schools provide low pressure and capacity flow testing set-
ups (atmospheric temperature only). These facilities men-
tioned may be hired for some $200. to $300. a day. 
On government contract work the facilities of a 
Navy Boiler Laboratory may be available where tests can be 
conducted closer to actual operating conditions. However, 
testing at higher pressures and flow rates and temperature 
is still restrictive. The most suitable location for a test 
facility would be an adjunct to a modern high pressure cen-
tral power station where high pressure steam and water were 
readily available. The test facility at Commonwealth Edi-
son's plant (by A.E.C.) used the steam and water from the 
main power plant for relief valve testing. This facility was 
closed down since it interfered too much with normal opera-
tion of the plant despite the fact that the testing was kept 
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separate from the operation ot the plant as a whole. A con-
tributing factor was probably an accident which occurred dur-
ing testing which severely injured several persons. In any 
event, this facility originally designed tor testing of com-
ponents tor the Nautilus would have inadequate capacity tor 
testing the valves for the Shippingport Atomic Power Plant. 
The Atomic Energy Commission is now building a new 
testing laboratory at Mishawaka using the steam and water 
from the American Gas & Electric Plant. This facility is tor 
proof testing of valves and components tor the Shippingport 
plant and when completed will be the only facility in the 
country where such tests may be carried out. It remains to 
be seen to what use this laboratory will be put .after tests 
have been completed for the Shippingport plant. The availa-
bility of these facilities by companies engaged in atomic 
power component manufacture for development and experimental 
testing would be invaluable to the valve designer in provid-
ing better and more dependable designs, the prime requisite for 
nuclear power plant equipment. 
It must be remembered, however, that the Mishawaka 
plant is owned and operated by the Atomic Energy Commission. 
Whether this facility will be open for general use by manufac-
turers is an unknown taotor. Actually, companies not intima-
tely associated with the Shippingport plant may not even know 
of its construction. In line with the Atomic Energy Commis-
sion policy of bringing private industry into the power react-
or field these companies will be requiring valves and com-
ponents from the various manufacturers. When relief valve 
manufacturers are approached the same question of where are 
we going to proof test will arise if the valves are special 
or where the requirements are different. 
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One company is now making a survey of all valve 
manufacturers to determine the extent and availability of 
their facilities. The following excerpts are taken from this 
questionnaire. 
Test Requirements: 
A. Distilled water only can be used for testing -
maximum solids 10 parts per million. 
B. Typical valve test 
1. Engineering test (lead valve only) 
a. Cold tests 
1. Hydrostatic to 10,000 p.s.i. 
2. Gasket leakage 
3. Piston leakage 
4. Back seat leakage 
5· Seat leakage 
6. Steam leakage 
b. Hot tests - 200 cycles including: 
1. Valve operations under actual 
conditions. 
2. Thermal shock test 
3. Vibration test 
4· 
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Production test (all valves) 
a. Cold tests 
1. thru 5· same as above 
b. Hot tests - 10 cycles 
1. Valve operation under 
conditions of minimum operating 
pressures and maximum differ-
ential pressure across the seat. 
The survey continues with pertinent questions rela-
tive to the above. It will be interesting to review the re-
sults but we are somewhat skeptical about finding any facility 
available which can perform the required tests for relief 
valves. We might add as a matter of interest we are somewhat 
dubious about the facility at Mishawaka meeting the distilled 
water requirements. 
In the foregoing discussion we have outlined, in a 
general sense, the problems connected with test facilities to 
point up several important considerations for management. 
Special development valves for nuclear plants must 
be proof tested prior to acceptance and installation, pro-
vision for such testing becomes a major part of the valve 
program. 
The cost ot using outside facilities for develop-
ment work can quickly exceed the cost of the basic component. 
on a valve development program carried on at the Naval Boiler 
& Turbine Laboratory the cost of testing approximated $1,000 
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per day. This testing extended over a period (not continu-
ous) of several months costing over $50,000 exclusive of 
preparation and set-up costs at the laboratory before the 
tests could be conducted for a $3,000 valve. 
Development testing at an outside test laboratory 
has some disadvantages. The valve manufacturer does not 
have jurisdiction over any of the personnel nor the actual 
testing. Delays are not uncommon since the personnel are not 
necessarily cognizant of relief valve operation. Machining 
facilities or repair facilities may be non-existent or cer-
tainly not as good as those available in the plant. Testing 
may have to suit the particular re~uirements of the labora-
tory; for instance, testing will have to be done at night at 
Mishawaka during off-peak loads. 
Additional in-plant facilities for testing are ex-
tremely expensive and operating costs would be very high. It 
is doubtful that the test equipment would ever be put to full 
use-once the development and proof testing were completed the 
test unit would rarely be used. The problem of obsolescence 
or inadequacy would always be present. 
c. Acceptance tests: 
Field testing of special valves for nuclear plants 
is generally not handled by the company's regular service or 
field engineer. It is in the best interests of the company 
to have their most qualified engineering personnel perform or 
witness the actual testing. These engineers must not only be 
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fully aware of the valve operating and design characteristics 
but also must have sufficient background in testing technique, 
instrumentation and installation requirements to point out 
deficiencies which might adversely affect valve operation or 
indicate incorrect readings on data. 
In the event that the controls designed into the 
valve are inadequate they must make an on the spot decision 
based upon their background and know-how to improve or cor-
rect the valve operation characteristics. The correct deci-
sion at this time is most important. The suggested change 
must not only improve the deficiency but also must not ad-
versely affect other valve operating characteristics. 
Chapter VIII 
FINANCE 
In preparing this discussion of the impact of nu-
clear power to the management of a relief valve company it 
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was deemed expedient to conclude our remarks with a section 
devoted to finance. The reason for detailing the problem 
connected with the design, development and manufacture of 
valves for nuclear plants was merely to point up the cost 
considerations. Each extra step - inspection, test, machin-
ing, tools, fixtures and equipment has an element of cost 
which must be thoroughly evaluated and accounted for. Relief 
valve manufacturers are no different than others directing 
their efforts in private enterprise in that their prime motive 
is profit. In the initial stages perhaps where a single valve 
was desi.red this motive could be compromised against pres-
tige, advertising value, experience, limited liability, etc. 
However, today the picture has changed considerably. Inno-
cent valve manufacturers quoting on valve requirements 
either as a supplement to their regular business or for a 
peek at this new industry have been greatly disappointed, not 
only in the actual losses incurred, but also in the quantity 
of time and effort expended in the fabrication of the valves 
with a resultant loss of production of their standard items. 
The Wall Street Journal, December 26, 1956 reports, 
"The missing element in most atomic energy work to date has 
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been profit. There is some indication, however, that the no 
profit period may be shorter than first thought •••••••• more 
and more companies have got their first taste and their sub-
sequent bids are higher" (much higher - the author) •••• ''Pro-
fits probably will show up first in the peripheral activities 
such as uranium mining and milling which is already highly 
profitable for some companies; then suppliers of valves, 
pumps and the equipment •••• " Some manufacturers who have 
tasted this business are now refusing to quote on new bids 
preferring to let others do the pioneering work. 
A. Investment: 
In manufacturing valves for nuclear pov;er plants we 
have repeatedly emphasized dimensional accuracy and surface 
finish as being prime requisites. The ability to produce 
parts to the desired standards stems from the equipment used 
to produce them. It is not uncommon in the valve industry to 
have many older type machines which are completely capable of 
machining certain parts for commercial valves satisfactorily. 
Newer and better machines could, of course, produce the parts 
quicker but the savings in time would have to be weighed 
against the amortization of the new machines. Further, since 
the older machines are completely tooled and production runs 
are not necessarily long the savings in cost is questionable. 
The real savings accruing when a change in manufacture (hand-
operated turret lathe to automatic operation} is made. 
These machines, however, are not necessarily ade-
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quate for producing parts for nuclear valves. Due to the 
special requirements, shape, size and material these parts 
may have to be channeled to certain machines only. The ma-
chining of these parts takes considerably longer than 
standard parts due to the rigid specifications, the fact 
that they are carved from solid bar-stock, special material, 
and since it is economically unsound to provide expensive 
tooling or fixtures to lower machine time when only a few 
non-standard parts are involved. The productive capacity of 
the machine for standard parts is, of course, lost during 
this period. 
For example, one year ago Crosby purchased a 
$50,000 vertical turret lathe due to increased sales for cer-
tain valves. Four months ago this machine (although back-
logged at the time) began machining parts for nuclear valves, 
is still machining parts and will be machining components 
for this one order of valves for two more months. This has 
resulted in impairment of regular production and is now a 
bottle-neck for completion of the parts for the nuclear 
valves as well. Initially some of the work was scheduled 
for other machines but had to be taken off because they were 
incapable of reproducing the desired accuracy and finish. 
This result may be extended to other machines. We 
have indicated that the basic or mrist common machine avail-
able is the turret lathe, yet the production of parts for nu-
clear valves lends itself better to engine lathes with the 
-128-
result that the manufacturer's engine lathes are not available 
for regular production work. Management in times of high 
sales (today) has to provide for this loss of capacity in some 
manner either by over-time, night shifts or by purchasing new 
equipment. Note that new machinery might be planned more for 
machining these special parts than for the standard items !! 
the manufacturer could assure himself of a continuing role in 
this new field. 
Expenditures for machine tools and fixtures are 
generally kept to a minimum and as simple as possible since 
the parts are special and may never be reordered and the manu-
facturing quantities are quite small. Despite this general 
statement, a particular drill jig or fixture may cost consid-
erably more than a standard tool due to the tolerances, ma-
terial, or shape of the part. Expendable tools are normally 
used by the manufacturer such as carbide files, carbide 
drills, stainless steel brushes, etc. will have to be carried 
in the tool crib for use on this type of work. 
Before proceeding with assembly of the valves a 
clean area must be provided which either requires an alloca-
tion of floor space or possibly an addition to the plant with 
the resultant increase in taxes. The clean area must be 
large enough to reproduce on a smaller scale plant facilities 
for storing parts, cleaning parts, assembly, test, drying and 
shippipg. The size will depend on the quantity of valves to 
be processed through the area. To furnish the room equipment 
for cleaning, assembling, testing, handling and drying must 
be provided. 
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In addition to the stainless steel testing equipment 
required for testing with distilled water, special stainless 
steel adapters have to be prepared for testing of the various 
size valves since the valves are not of flanged design. To 
properly equip the area certain expendable items such as nylon 
gloves, lint free wiping cloths, acetone, polyethelene bags, 
distilled water, etc. are required. 
To the above necessities we might possibly include 
additional or improved engineering test and development facili-
ties for the improvement of valve technology to meet the ever 
increasing demands of this new industry. This equipment would 
be very expensive and costly to operate, but it is not un-
likely that due to the high cost of outside testing and the 
lack of sueh laboratories having the necessary capacities at 
the pressure and temperature required that the manufacturer 
having the best facilities may become a preferred vendor des-
pite the fact that his quotation is higher for the individual 
valve. 
B. Cost to manufacture: 
There are many factors which add considerably to the 
cost of producing valves for nuclear plants. For special 
valves the time from design to shipment may extend well over a 
year from the purchase of material to actual invoicing. On a 
large order of valves this could tie up over a hundred thou-
sand dollars in direct costs with the result that the cash 
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position of the company could be affected. Normally, valve 
orders are processed through the factory in several months 
and the stock turnover on standard items is quite rapid. 
When we mentioned a large order of valves in the 
preceding paragraph we should have indicated that this meant 
dollar value as opposed to quantity, since the cost of pro-
ducing these valves may be ten to twenty times higher than an 
equivalent valve in standard materials and standard design. 
High unit costs emphasize the necessity of very close control 
and supervision through every step of the design and manufac-
turing phases. It is one thing to foul a thread on a part 
costing twenty-five dollars, it is in another category when a 
thread is galled on parts worth a thousand dollars. However, 
despite all of the precautions taken, mistakes do occur and 
these errors must be accounted for in actual dollars and 
cents. 
When an inquiry is received for special valves be-
fore quoting a preliminary design must be worked up for cost-
ing purposes. The calculation of the costs breaks down into 
four sections - the engineering design, part manufacture, 
assembly and test, and field testing when required. 
Engineering time includes design preparation of 
drawings and writing of the necessary procedures for the 
various phases of manufacturing. Since the cost of engineer-
ing is included as part of the overhead expense the addi-
tional cost to a particular order is generally confined to 
-131-
the preparation of drawings (plans, etc.} with a nominal 
change .in design. However, herein lies a basic fallacy. 
Actually due to the special nature of the valves and tte 
close liason required between the engineering of tbe custo-
mer and the manufacturer the engineering effort expended is 
far in excess of that normally required for the processing 
of a customer's order. This has the effect of the order not 
absorbing its share of the overhead rate. 
When the tooling and methods department reviews 
the design of the parts.and estimates the machining time re-
quired, they have learned to take their estimates and multi-
ply them by a factor in order to be conservative. Despite 
this precaution machine hours are apt to run in excess of 
their calculated values. Contributing to the factors which 
we have already outlined which increase machining time is the 
operator's awareness of rigid inspection requirements and the 
special application of the part. To prevent machine spoilage 
he proceeds very cautiously with the various operations {in-
cidentally this sometimes has an adverse effect and increases 
the tendency for spoilage). Not accounted for in cost cal-
culation is the special handling of the parts in the plant 
plus the remachining necessary to improve surface finish or 
remove incidental dents or marks caused by handling to the 
satisfaction of the various inspectors. It is well to note 
that the government and customer inspectors tend to over-
inspect parts to insure conformance with specifications. It 
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is not uncommon to spend several days in honing a nipple for 
example, merely to improve the surface finish to satisfy an 
inspector. Yet, the original operation sheet prepE1red by the 
methods engineer may not have ever required honing as a fin-
ishing operation. 
In costing parts welding charges must be included. 
These welding charges must include in some instances the pre-
paration and welding cost of sample joint geometries in order 
to have the welding operator approved to do the work. There 
is no assurance that the first sample will be acceptable and 
several samples, perhaps even a change in design will be ne-
cessary before the weld is acceptable. Since the welding is 
done under government inspection additional costs immediately 
accrue and this increase is predicated upon the inspector's 
prerogative of what he deems acceptable. One of the most im-
portant considerations for management is the providing of fa-
cilities in the factQry for all phases of the fabrication of 
these Bpecial valves. Normally, Crosby does not do produc-
tion welding of its valves but prefers to send the parts out 
to qualified weld shops. This means that for nuclear valves 
Crosby must absorb the costs in approving welders for an-
other company for doing the welding. The weld stop, of course, 
passes along the extra costs of government inspection to the 
particular job resulting in excessive unpredictable costs. 
Since Crosby does have the necessary equipment for v1elding it 
would be much to their advantage to perform the welding in 
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their own plant if continued efforts in tl:is field are con-
templated. This would also eliminate considerable handling 
and shipping of parts thus reducing to minimum values pos-
sible damage. 
Vlhen costing, cleaning, assembly and testing of 
nuclear valves the total time required generally is a calcu-
lated value based upon the various tests required plus a nomi-
nal allowance for cleaning, assembly and shipping. It is, of 
course, impossible to predict test results and although the 
estimates are generally conservative several days might be re-
quired for acceptance of tests where two hours was anticipat-
ed and six hours was actually coated. 
The difficulty with predicting costs connected with 
field testing lies in the uncertainties of the time required 
for final development and acceptance. Many times the place 
of testing is not known and may vary from the middle of a des-
sert to the depths of the ocean. Machining facilities may 
have to be hired at premium rates to modify parts during de-
velopment testing. For these reasons quotations often may 
include only a firm price for the design and manufacture of 
the valves with a proviso for negotiation of expenses in-
curred if field testing becomes necessary. 
For non-standard valves and sometimes standard 
valves where the specifications are particularly rigid provi-
sions should be made for liability on non-performance. Re-
jection of commercial valves by a customer for any reason pre-
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sents no special financial hardship for manufacturer since 
the unit cost is reasonably low and correction of the defect 
is generally minor in nature. Under the worst condition 
where the rejection is final the manufacturer absorbs only 
the cost of the valve which may be reconditioned and reused 
or some of the parts {since they are standard items) could be 
salvaged. 
This reasoning does not apply to special nuclear 
valves since the unit cost is very high and c·orrection of the 
defect may entail considerable expense. The cause of rejec-
tion may range from a surface imperfection to unsatisfactory 
operation. To correct the very minor complaint of surface 
finish may require complete disassembly of the valve and cut-
ting of welds before the part can be worked on with the re-
sult that the valve must be cleaned, retested and rewelded as 
in the case of a new valve. In some cases where removal of 
the imperfection causes loss of dimension beyond the tolerance 
a new part will have to be furnished. Unsatisfactory valve 
operation or valve failure may not only require modification 
to the valve but may require further development of purchased 
components or development testing before a solution is forth-
coming. This developmen~ expense may exceed the cost of the 
valve. Complete rejection of the valve by the customer 
places an undue financial loss on the manufacturer since the 
parts and valve are non-standard and probably cannot be re-
used or salvaged. It is for these reasons that quotations be 
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carefully reviewed to insure that the company will be protect-
ed against financial loss should the valves be unacceptable to 
specification. 
c. Contracts: 
Some manufacturers feel that the maximum financial 
protection is afforded by development or cost plus fixed fee 
contracts. These contracts basically allow for charging to 
the government or prime contractor all elements of direct la-
bor- engineering and scientific time, direct and indirect 
purchases, and a determined overhead rate which are expended 
to fulfill its term. On the surface this may seem quite sat-
isfactory, since it does eliminate financial risk from the 
contract. However, there are financial drawbacks to its use. 
Associated with a development contract there is 
generally a fixed fee which is a percentage of the end value 
of the sub-contract. This fixed fee may be considered as a 
fund covering incidental costs not covered by the contract 
and a financial reward to the manufacturer tor the use of his 
personnel, plant, know-how and equipment. Actually it is the 
manufacturer's profit on the order. Unless this percentage 
then matches or is in excess of the company's normal profit 
margin there is an effective loss. The latter is generally 
the case since the allowance is not adjusted to individual 
manufacturers but is set by the government or prime contrac-
tor. On large orders this can be a measurable difference. 
We have discussed in some detail the requirements 
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for extra handling personal attention, close supervision, 
inspection, shipping, etc. connected with nuclear valves. On 
a sub-contract these items or departments fall into the gen-
eral category of overhead or burden-rate and are not separate-
ly accounted for. 
This has the effect of increasing the burden-rate 
as applied to standard items. For example, it may take fif-
teen minutes to package a standard valve as against two hours 
for a valve requiring special packaging yet since shipping is 
considered as part of overhead the excess time is absorbed in 
the overhead expense and distributed to all valves equally. 
In the production of nuclear valves the best, in ef-
fect the newest machines and most qualified personnel are as-
signed. We mentioned earlier that during the first year of 
its operation a $50,000 machine has been machining special 
parts for six months. The sub-contract does not make allow-
ances for the fact that the depreciation allowance on the ma-
chine actually performing the work may be different from the 
depreciation allowance for the machine shop as a unit. The 
only financial return the manufacturer receives is compensa-
tion for the higher hourly rate of the more skilled workers, 
the burden-rate remaining the same irrespective of machine 
cost or value. 
Burden-rate is further restricted by the rules and 
regulations surrounding the government or prime contractor's 
method of computing the rate as opposed to that of the manu-
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facturer. For example, the government assumes that since no 
sales expense is required for the procurement of a government 
sub-contract (?} that sales expense shall not be included in 
the calculated rate for application to direct labor cost as-
sociated with the contract. These rules have the effect of 
iowering costs for the government and decreasing the direct 
labor hours over which this expense must be spread for the 
manufacturer. 
The foregoing discussion is probably valid only for 
companies which only occasionally participate in sub-contract 
work. Actually manufacturers devoting a high percentage of 
their total capacity to government contract work are not 
faced with the same problems. Since valve manufacturers, 
prior to the advent of nuclear power, rarely participated in 
sub-contract work a system of reporting and recording time 
and expenses incurred in executing the contract must be de-
vised. This system must be in conformance with government or 
prime contractor's regulations, and further every charge and 
expense must be substantiated. Individual time cards are re-
quired for all direct labor and engineering personnel working 
on the project. The time card should include not only hours 
worked but also the freight bills, discounts, etc. must be 
separated as applying to the sub-contract for government audit 
from the regular factory or accounting files. The importance 
of impressing all personnel whose time is chargeable to the 
sub-contract with the necessity of filing time cards for all 
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work performed no matter how trivial cannot be over-stressed 
since time not reported is loss of actual dollars to the com-
pany. 
In addition to cost records the sub-contractor is 
required to file various monthly reports indicating the sta-
tus of the contract. These reports include: 1. A monthly 
progress report delineating the physical progress of valve de-
sign, production, problems, solutions, etc. 2. A financial 
report outlining the month's expense, a total expense to date 
with substantiating breakdown of costs incurred. 3. A state-
ment of anticipated cost expenditures for the next month and 
physical status of the project as a whole expressed as a per-
centage of completion. After seventy-five percent of the to-
tal value of the contract has been expended a review of the 
project is made to check progress versus cost. Perhaps a low-
er percent figure for review should be indicated to insure 
that adequate progress is being made. 
Chapter IX 
SUMMATION 
A. Importance ot Atomic Power Plants: 
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In discussing the importance ot atomic power plants 
to valve manufacturers we must keep in mind that no such 
plant has been completed in the United States. This year the 
first full-scale prototype or demonstration power plant should 
be producing power tor commercial distribution. This does 
not, ot course, mean that atomic power developments have not 
had a tremendous impact on industry but rather that we are on 
the threshold of a new era which will encompass all of the 
industrial activities of the nation cutting across our entire 
industrial and economic pattern. Already its effect has been 
felt in the chemical, medical, food, petroleum, etc. indus-
tries. 
We, as valve manufacturers, are primarily concerned 
with power reactors used tor the production of electricity, 
since this is the field which otters the highest sales poten-
tial. In the United States electricity is provided primarily 
by private utilities and with venture capital. Before the 
public utilities could or would express interest, other than 
academic, in atomic power reactors the economics or power re-
actors would have to be weighed against the operating costs of 
present day plants. Such an appraisal would show that costs 
per kilowatt would run considerably higher than conventional 
plants. This apathy to this new source ot heat can be traced 
directly to the low-cost high volume of natural fossil fuel 
reserve available in the United States. 
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However, the fuel reserves in this country are by no 
means inexhaustible when we consider that the world rate of 
electric power consumption increases at the rate of 6% annu-
ally, requiring an approximate doubling of fuel input every 
twelve years. Thus the economic approach to the feasibility 
of nuclear power plants may have to give way to necessity as 
the reserves are depleted irrespective of cost. The extensive 
reserves of the United States of fossil fuels have provided a 
cushion whereby we are given precious time in which to use our 
scarce technological manpower to develop low-cost nuclear 
power. In order to make the most rapid technological advance 
in producing economical, competitive power the Atomic Energy 
Commission produced the power demonstration reactor program 
which by underwriting part of cost of industrial reactor pro-
jects spurred interest on the part of the public utilities 
and others in this field. The purpose behind this program is 
to build different types of reactor concepts which are deemed 
economically sound in order to determine the various charac-
teristics of each under full scale operating conditions rather 
than concentrate on one basic type. 
While the United States is concentrating on various 
approaches to competitive, economical power other countries 
less fortunate in fuel reserves or where the cost per kilo-
watt is high are deeply interested in power reactors for im-
-141-
mediate use. These countries offer a ready market for power 
reactors which although not competitive in the United States 
plants are competitive with local power plants. This coun-
try with its successful background of operation with the 
pressurized water reactor can offer packaged power plants to-
day for export and many contracts have been signed by foreign 
countries for these plants. 
There have been many surveys made of the amount of 
electricity which will be produced from nuclear energy during 
the next twenty years from which we have graphs which depict 
this trend to atomic power in the United States and Great 
Britain.* 
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These graphs show that the anticipated large scale 
introduction of atomic power plants will take place between 
. 
1965 and 1975.* The figures shown are, of course, projections 
assuming that no major break thru occurs in the power demon-
stration program sponsored by the Atomic Energy Commission. 
An interesting point to note is that nuclear powered plants 
in Britain will essentially be of one basic type whereas the 
-
United States is investigating several different approaches 
simultaneously to economical power reactors. The reason under-
lying this is the low fossil reserves in Britain, the high 
cost per kilowatt and the tremendous investment required for 
investigations of the various power reactor concepts. 
The following graph illustrates in a general sense 
the relative quantities of reactors to be built in the next 
five years. It does not, however, indicate investment, size 
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or kilowatt producing ability but rather the various approach-
es to the determination of economic power (non-naval)*. 
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Our comments so far relative to the importance of 
commercial nuclear power today although factual might lead us 
to believe that power reactors are not ready for commercial 
use or sale. However, tbis is not the case. American manu-
facturers are advertising and signing contracts for various 
type reactor plants and are ready to discuss costs of opera-
tion, maintenance and installation with prospective customers. 
In view of tbe fact that some of these design approaches have 
never been built for power generation is no less astounding 
than their complete willingness to assume not only the nuclear 
and turbo-electric design but also construction of complete 
atomic power plants. 
It is interesting to note that, since an atomic re-
actor for power plant service is a substitute source of heat 
replacing an oil, gas, or coal fired furnace, you would nor-
mally expect that the manufacturers of boilers would make the 
transition to atomic reactors with little or no added competi-
tion. However, such is not the case. Today you may purchase 
complete power reactor plants from companies such as American 
Radiator, Alec Products, North American, Glen Martin, American 
Machine & Foundry, Ford Instrument, etc., some of whom have 
never built a fossil fueled plant let alone en atomic power 
plant and, in addition, these companies do not confine their 
proposals to a single design or type but will venture into 
several different approaches. 
The reasons are obvious. Atomic power offers large 
. 
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manufacturers an excellent opportunity to diversify their pro-
ducts and invest in a relatively new field which has tremen-
dous growth and economic possibilities. Mr. C. Ward, presi-
dent of Vitro Corporation, a leading company in the design of 
atomic fuel processing plants, likens the infancy of atomic 
power to that of the aircraft industry which has blossomed in-
to one of the largest industries in the United States. 
We have seen that public utilities have been slow 
to invest in the risks of atomic power plants since the eco-
nomics involved cannot be justified at this time. The Naval 
program, contrary to the public utility viewpoint, is one of 
great optimism not only in their acceptance of nuclear power 
but also in the volume of reactor plants which are scheduled 
for installation which include submarines, cruisers, aircraft 
carriers and merchant vessels. High Naval sources estimate 
that by 1960 all large naval vessels built will be atomic pow-
ered. An idea of the number of components required may be had 
when you consider that eight reactors are to be installed on 
the aircraft carriers alone. 
According to Admiral Rickover it is the unprepared-
ness of industry to meet the component requirements of the 
Naval reactor program which is deterring progress in the con-
version and building of naval vessels for atomic power pro-
pulsion. What does this mean to relief valve manufacturers? 
The reactor type will be primarily pressurized water similar 
to the Nautilus which will require hermetically sealed spe-
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cial construction and design relief valves tor the primary 
loop and special design valves tor the secondary steam sys-
tem tor submarines. The anticipated dollar volume of relief 
valve requirements tor the next five years tor naval reactors 
is given below.* 
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It is particularly significant to note the very 
sharp rise in the figures between 1958 and 1959 when the 
Naval program is expected to be in high gear and also that 
the curve becomes reasonably stable in the years following. 
The yearly dollar volume speaks tor itself and companies de-
siring to be a part of this big future market must learn a-
tomic know-how today. Development contracts are becoming a 
thing of the past in component purchasing with tomorrow's 
trend strong towards standardization to strict specifications. 
Stated differently it means if you are not in on the ground 
floor you will be left out of the Naval program. 
Very little can be hoped for in the down-grading of 
materials and relaxing of inspection and manufacturing require-
ments for Navy work. Since the basic reactor concept accepted 
will be pressurized water, relief valves 1br other than aux-
iliaries and the secondary steam system for surface vessels 
will have to be of special design and materials in order to 
provide optimum operating characteristics and minimum chance 
ot contamination and corrosion. 
The commercial or public utility approach to relief 
valves does offer considerable hope that much can be done in 
down-grading material specifications and easing operating 
specifications so that valves more closely approximating con-
ventional designs can be used. Inspection requirements will 
be considerably eased thus reducing time and costs to a very 
large extent. For example, the specifications for primary 
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loop components for the Shippingport plant were very strict 
requiring special materials, welding, operating characteris-
tics, inspection, etc. Its counterpart the Yankee Atomic 
plant to be built in Rowe (Power Demonstration Program) leans 
heavily in the direction of standard materials, design and 
easing of specifications. The engineers concerned with the 
construction of the Yankee plant are governed not only by re-
actor parameters but also must remember that the producing of 
electric power at the lowest cost per kilowatt is one of their 
prime objectives. It is, therefore, in their best interest to 
relieve component manufacturers of as much unnecessary expense 
as possible. The writer in discussing relief valve problems 
with the engineers for the Yankee Atomic plant found not only 
a willingness to review specifications for lowering costs but 
also that by working closely together in tbe initial design 
phases of the installation many pitfalls can be avoided. 
The decision of how quickly or to what extent re-
laxation of material, design, manufacturing, etc. specifica-
tions can only come from the results of full scale operations. 
It is entirely possible that specifications may become more 
rigid instead of eased. The PH of tbe coolant water at tbe 
Shippingport plant although not in operation is now estimated 
at a higher value than first supposed thus presenting an added 
corrosion problem. Perhaps even the special materials used 
will be found lacking and future plants will have to have more 
stringent requirements. 
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As long as components are installed on pressure sys-
tems which are radio-active they must be hermetically sealed 
to prevent any leakage whatsoever. Mr. Carl Blom, Vice Presi-
dent of Byron Jackson Division of Borg Warner estimates a cost 
reduction of 200% in the fabrication of pumps having a minimum 
leakage versus hermetically sealed pumps plus higher efficien-
cies. His recommendation of permitting this small amount of 
leakage (20 gallons per year) despite the tremendous cost sav-
ings has not been accepted. Thus manufacturers furnishing 
valves for radio-active pressurized coolant systems must modi-
fy designs for hermetically sealing irrespective of reactor 
type until such time as the standards are eased permitting 
minute leakage of radio-active material. 
B. Valve manufacturer's decision: 
Now that atomic power is crossing the threshold from 
the laboratory into the commercial market component manufac-
turers must take another look at the fastest growing industry 
in the United States to determine to what extent they wish to 
participate in its growth and development. Participation may 
be at any one of five different levels depending on the in-
terest and aims of management. 
1. No participation - except for furnishing of 
standard equipment fabricated from commercial materials using 
regular factory procedures and to industry accepted operation 
or accuracy characteristics. 
2. Token - appoint one or two qualified company men 
to attend meetings, courses, review published data to keep 
management informed on nuclear power developments. 
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). Exploratory - undertake studies and/or limited 
experimental work relating to equipment required for atomic 
power. 
4. Small project - undertake research and develop-
ment work on a limited scope of products directly or indirect-
ly related to power requirements with company or government 
funds. 
5. Fully diversified - set up a separate nuclear 
energy division with facilities, personnel and activities 
geared to capitalize fully on developments in the numerous 
facets of atomic operations. 
To properly make this decision requires a deep in-
sight into the manufacturer's own company and the requirements 
of the infant atomic power industry. Some companies, to their 
sorrow, plunged into the atomic industry by hiring expensive 
nuclear engineers to set up an atomic division only to find 
that the new department was unable to get off the ground due 
to a lack of background on the engineer's part for the manu-
facturer's product, ability and services or that the manufac-
turer's products were basically unsuitable for the needs of 
the atomic industry. For this reason manufacturers may find 
that the basis for their decision should come from a survey 
prepared by a business consultant assisted by a member of the 
manufacturer's company experienced in the nuclear power field, 
and also in private industry. 
The author proposes a five point survey for top 
management's decision as to the course of action., 
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1. Study of the company's product line as it now 
exists and its development over the years together with a mar-
ket survey of present requirements for its products and anti-
cipated trends for the fUture. A thorough evaluation of the 
technology, operating characteristics, and limitations of 
equipment presently being manufactured matched by an analysis 
of competitors products and ability. It is most necessary to 
know what position you now hold in the industry before decid-
ing to become an adventurer in atomic power. 
2. After carefully determining the capabilities and 
limitations of your products and services a comparison can be 
drawn between the requirements for atomic power plant equip-
ment and your ability to satisfy these needs. This comparison 
is not limited to a matching of similar or duplicate products 
but may be extended to new products (diversification) if the 
company's technological background, manufacturing skill and 
equipment may be suitably employed in these new fields of en-
deavor. This comparison or matching cannot, of course, be 
effected until a thorough investigation of the needs and com-
petitive picture for components required for atomic power 
plants. 
3. Before deciding to enter the atomic power field 
manufacturers should carefully consider the effect of such en-
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try upon its standard product line as well as other avenues 
of endeavor which might be more advantageous to the company. 
Entry in this field could drain the engineering talent to 
such an extent that the current position held by the company 
in the field may be jeopardized or that projects in the pro-
cess of completion will be delayed or postponed. Conversely 
the technological advances required for product design for 
nuclear plant components may be directly applicable to the 
company's standard products and may serve to enhance the po-
sition now held by the manufacturer in the industry. This is 
true of relief valves for test facilities never before avail-
able are now being built for the development and testing of 
these special purpose valves. From this development program 
test data will be evaluated which may be directly applied to 
the manufacturer's standard product. 
There are, however, other fields which the relief 
valve manufacturer may consider for diversification as well 
as improvement or standardization within the scope of present 
valve requirements. The tremendous impact of pneumatics or 
electronics to the control valve field has not been explored 
by relief valve manufacturers. We have indicated that the ap-
proach to electric power in this country has been higher boil-
er pressures and higher steam temperatures leading to the use 
of super critical boilers (above 3,.200 p.s.i.). Perhaps dur-
ing the next few years development of valves for these boil-
ers would produce a more satisfactory return per research and 
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development dollar. These considerations must be carefully 
weighed before a policy determination can be made. 
4. The final decision may well rest with the fi-
nancial aspect of the problem which encompasses the cost of 
special departments or divisions, special equipment and per-
sonnel. We have attempted throughout this presentation to 
indicate the very special nature of valve requirements for 
primary loop systems and the constant attention and supervi-
sion required for every step of manufacture from conception to 
installation primarily to emphasize their significance and im-
portance to.management. It is the author's opinion that a 
separate department for handling valves for atomic power plants 
is an absolute necessity. The expression "handling" is meant 
to include all phases from the initial inquiry to final ship-
ping with the possible exception of actual machining of the in-
dividual parts. This department should be staffed with train-
ed personnel having the best background in the company's 
standard product and the requirements for nuclear equipment. 
Liason between the manufacturer and purchaser should be direct 
and unhampered by regular channels of communication reporting 
only to top management. 
In addition to a competent staff, this department 
must be equipped with the necessary working tools required to 
meet the rigid specifications. This may include a clean area 
furnished with stainless steel test equipment, inspection 
tools, cleaning, handling, drying, shipping and storage fa-
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cilities as well as additional test equipment for development 
or proof testing of new and special valves. The latter item 
is of special importance since operational testing for relief 
valves is very expensive and yet is one of the basic require-
ments for atomic power plant valves. The trend as private 
industry enters the field is for component manufacturers to 
proof test their valves prior to shipment with less reliance 
\ 
on the use of government facilities for this service. 
The manufacturer may find that additional or dif-
·ferent machines are required for the machining of valve parts 
to augment plant capacity. Sub-contract work for small quan-
tity high precision parts is most expensive, necessitating 
that the work be performed under the supervision and control 
of cognizant personnel. We indicated earlier that it was 
neither expedient nor economical to inflict on vendors the 
specifications and inspection requirements for nuclear com-
ponents. This may require additional facilities and/or e-
quipment for welding, helium leaks, testing, etc. in order to 
minimize the handling and work performed outside of the plant. 
Due to the special handling, inspection, tolerance 
and finish, material specifications and supervision required 
cost analysis is most difficult. Estimates of anticipated 
costs is still a matter of guess work and actually may run 
considerably higher than calculated, due to unforeseen diffi-
culties in manufacture or in the testing of the valve or its 
parts. Experience is probably the only true basis for cost 
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prediction. Proper cost analysis is important from a sales 
point too, since competitive bidding does not allow for seem-
ingly exorbitant quotations. 
The only compensation offered management against 
these financial considerations is the sales potential for his 
products in the years to come plus the added factor that un-
less they are willing to accept periods of little or no pro-
fit, extensive development and encroachment of their produc-
tive capacity by getting in on the ground floor that entry in-
to the field at a later date will be practically impossible. 
Some manufacturers who initially snubbed or failed to follow 
thru on the development of their products for atomic power 
plants now find themselves outside looking in on an industry 
which has found other sources of supply. 
5. Before proceeding with the establishment of a 
nuclear section irrespective of size or aims a vigorous and 
full-hearted program must be prepared for management approval 
to insure the attainment of the objectives desired. VIi thout 
strong management support and complete delineation as to the 
scope, responsibilities and authority the program will be in-
effective and a constant source of irritation to the various 
departments concerned with its progress. 
Once management has been sold on the program an or-
ganization staffed with competent personnel may be set up. 
This personnel should, whenever possible, be selected from 
existing employees who have a good foundation in the company's 
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operations. Individual qualifications will, of course, depend 
on the level of participation which the management of the com-
pany has accepted. In any event, of primary importance is the 
necessity for keeping abreast of developments in this field so 
that management can be cognizant of important changes in this 
new industry. 
c. Competitive picture: 
The competitive picture at the moment for relief valve 
manufacturers is somewhat cloudy. The major companies have yet 
to make a clear-cut decision of policy as to the extent of 
their participation in this new industry. The author's investi-
gation has shown a ready market for a large number of valves 
and yet some of this business is going begging today. 
Recently, quotes received by a prospective purchaser 
when reviewed by the responsible engineer revealed that the 
major suppliers refused to quote, yet bids were obteined by 
other less well known companies who not only quoted but did 
not take exception to the specifications. In this case the 
bids were all t~~own out and a major supplier was asked to fur-
nish standard valves only - the purchaser to assume full re-
sponsibility for their selection. This is interesting only to 
point out the indifference of certain valve manufacturers com-
pared to the interest of others (perhaps uninitiated) in the 
satisfying of the needs of this new and growing industry. 
Inability to quote or unwillingness has forced 
prospective purchasers to look elsewhere not only for manufac-
turers but also for substitute components for relief valves 
which has led to the development of certain types of pilot-
operated valves. Their extended use is doubtful since code 
requirements have not been established yet today they are a 
competitive item to be reckoned with. 
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Other valve manufacturers seeking to diversify 
their productive line are now considering entering the relief 
valve·field. Their efforts to date have not been rewarding 
but only the future can tell to what extent their effect will 
have on the relief valve field in the atomic power industry. 
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Photograph of rough bar stock material - s~ainless 
steel type 304 cut to length prior to machining parts for nu-
clear components. 
Photograph of semi-finished body machined from solid 
bar stock showing the outlet nipple welded to the body prior 
to final machining. 
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Photograph of disc inserts rough machined and 
hard-faced on seating surface with ste11ite #6 . 
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Photograph of finish machined disc insert after 
all machining and lapping operations have been completed. 
(Hard-faced #6 stellite seat) 
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Photograph showing threaded spool piece and machin-
ing preparation for canopy or umbrella seal weld. 
Photograph of helium leak test being performed on 
complete valve at 3,750# pressure. 
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-165-
Photograph depicts assembly ot components making up 
a complete valve. 
... __ _ 
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Photograph showing assembled valve ready for setting 
tests. 
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Photograph showing valve on preceding page complete-
ly sealed and packaged ready for shipment. 
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